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EFFECTS OF COULOMB FRICTION ON THE PERFOR- 
MANCE OF A SERVOMECHANISM HAVING BACKLASH. 
PART II— TRANSIENT RESPONSE CONSIDERATIONS 

A. K. MAHAL^JOBIS 

f 

Institute or Badiophysics and ElbctIonics, University College 
OP Technology, c|lcutta 

(Reoeivedt October ^, 1960) 

ABSTRACT. The paper gives results of ai|^lysis of the effects of coulomb friction 
on the transient response of a servo system containi]|g backlash in the output coupling. First, 
the qualitative aspects of the transient response ol^ractoristicB are discussed with the help 
of frequency response methods; next, a quantiativ^ discussion of the same is provided with 
the help of a piece-wise linear solution of the chara(!|eristic differential equations. Simulator 
results in support of the theoretical observations aid also given. 

INTRODUCTION 

In a previous paper the effects of coulomb friction on the stability of sustained 
oscillations in a second order servomechanism having backlash in the output 
coupling was discussed (Mahalauabis, 1060 ). The coulomb friedion has been 
taken to be present in the driving member. A dencribiug function was developed 
for the motor under the action of the nonlinear friction; it was discussed how 
presence of coulomb friction helps to avoid sustained oscillations that are otherwise 
produced by the system backlash. 

Beside the question of the stability of sustained oscillations the stability of 
the response of a system in the transient state is also of (considerable interest to 
servo designers. In the present paper the relative stability of a servo system 
affected by the two nonlinearities under consideration viz. backlash and coulomb 
friction has been analysed. 

It is to be mentioned that the discussions that follow have been based on the 
results of application of two methods. First, the results of application of the 
frequency response method are presented. These are necessarily of approxi- 
mate nature but are nevertheless of interest since this is perhaps the most nearly 
generalised approach available at present for nonlinear systems analysis. More 
accurate data on the transient response of the system concerned are provided 
by solution of the piece-wise linear differential equations that characterise the 
system. 
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A. K. Mahalanohis 


Finally, the response of a system simulated on an electronic analogue computer 
for step displacement inputs is presented as an experimental aid to the under- 
standing of the system transient behaviour, 

SYSTEM UNDER CONSIDERATION 

The system under consideration has been described in part I (Mahalanobis, 
1960) in some details and will be only briefly outlined here for the sake of con- 
venience. The system is shown in Fig. 1 in the schematic form. Nonlinearities 


D£r£C7tll^^ 



Fig. 1. System under consideration 


are assumed in (i) the motor shaft whose motion is taken to be subject to both 
viscous and coulomb frictions and (ii) the output coupling unit which is taken to 
have backlash. The load is assumed to be a resistive one so that the nonlinear 
characteristics resulting from the coupling-unit backlash is as shown in Fig. 2. 
In Fig. 3 is depicted the composite friction characteristics of the motor. 



As has been derived in appendix I of part I the dynamics of the system in Fig. 
1 is described by the following equations: 

^m^wi+^ffi+F = hdt 


0 , - 


... ( 1 ) 
... ( 2 ) 
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where, — motor shaft position 

di — ^input shaft position 
dc — output shaft position 
— motor time constant 
F — coulomb friction torque, 
and K — a constant, being the velocity-constant of the system that 

results if the nonlinearities in Fig. 1 are neglected. 

The backlash characteristics shown in F|g. 2 relates the motor shaft position 
and the load shaft position 6^ and can b# represented mathematically as 

^0 I 

I y 
l<9m— < a; 4 = ® 1 

I • ^ 

a being the backlash half width. I' 

And, the coulomb friction torque F is given by 

F = C 

-C<F<C -,0^ = 0 , 

C being the coulomb friction torque constant. 

Eqs. (1) to (4) completely describe the system in Fig. 1. 

SYSTEM TRANSIENT RESPONSE FROM FREQENCY 

RESPONSE DATA 

(a) General 

If the nonlinearities in Fig. 1 are assumed absent the time response of the 
system has definite correlationships with its frequency response. In presence of the 
nonlinearities there is of course no basis for such correlationship (the superposition 
principle being no longer valid). However, in the describing function method 
the nonlinearity is replaced by a slowly varying quasi-linear transfer function and 
it is still possible to obtain the transient response from the frequency response 
data, though such deductions are necessarily of approximate nature (Kochen- 
burger 1950 and 1953). For this purpose the system in Fig. 1 is represented in 
the block diagram form in Fig. 4. The block Oc(dm) represents the describing 
function of the coulomb friction device and is given by (Hass 1953) 



... (3) 


... (4) 
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The blotik Og{0„) represents the describing function of the coupling unit 
having backlash and is given by (Nichols 1953) 



On{0«,) = [^+r*l‘ ; /-tan-i(y/y?) 

... (6) 


^ [cos“^(2r?‘— 1)+2(1— 2w)\/ri(l— It)] 

IT 

... (7) 

and 

II 

1— ^ 

1 

... (8) 

A 

where n = otjO^y 

the normalised blacklash width. 




Fig. 4. Frequency response representation of the system. 


The frequency response transfer function of the portion in Fig. 4 shown within 
the dotted box representing the motor with the coulomb friction is easily seen to 
be given by 


O{3<^,0„) = — 


K 


ja>(jtoT„+l)+j 




... (9) 


B = 


C_ 


The total forward-loop transference of the system is then 


... ( 10 ) 


0„)=^O(jo>,e„)xGM ; 

and the closed-loop transference is accordingly. 


0, 


OM 


0i 0vd-^+Gs{0n,) 


... ( 11 ) 


... ( 12 ) 
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The right*hand side of Eq. (12) incorporates the effects of the nonlinearities on 
the system frequency response. This is clearly dependent on both amplitude 
and frequency of the input signal. It is most convejiient to assume the input 
signal to be a periodic function of time such that 0^{t) varies sinusoidally i.e. 

6^{t) = 0^ sin < 0 ^ Then, using Eqs. (6) to (10) and Eq. (12) the closed-loop transfer 
function can be computed as a function of the frequency for a number of assumed 

values of the amplitude 0^, These computfitions are conveniently carried out 
graphically in the manner outlined below: 

The describing function - 0^(6^), is j^lotted in the complex plane as an 
amplitude locus. On the same plane are su|>erposed plots of the frequency loci 

of each locus being drawn for aispecific value of 6?„|. In Fig, 6 are 

shown these plots for the system in Fig. 4 fo^ the assumed values of K == 10 and 
Tfn = 1, using the normalised signal parameters n and B. 



Fig. 6. Plots of and tho complex plain. 

Let us assume that the frequency response of the system corresponding to 

a signal amplitude 6^ = is desired. This is easily done by locating the point 
on the amplitude locus (marked P in Fig. 5) and considering the frequency 
locus Then at any frequency (corresponding to the point Q 

in Fig. 6) the frequency response modulus is given by the ratio 


0 


OP 

0i 


PQ 


Cl) CCj 


... ( 13 ) 
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This ratio, if evaluated for a number of frequeiicdes over the range of interest 
gives, when plotted against the frequency, the system frequency response corres- 
ponding to the signal amplitude l9,„ = 0 ^^. If this whole procedure is repeated 
for a number of values of 0 ^^ the frequency response of the system is evaluated as 
a function of amplitude and frequency. This can be done for different amounts 
of coulomb friction. 

In Figs. 6(a), (b) and (c) are shown the frequency response curves of the system 
in Fig. 4 as obtained from the loci of Fig. 5 for three different cases corresponding 




Fig. 6(b) O/a»3.0 
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to Cja = 0, 3.0 and 5.0. The peak value of the ratio \ OqIOi [ gives a measure 
of the system’s relative stability and the frequency co^ at which this peak occurs 
gives a measure of the system’s speed of response. 



(b) Effects of the rionlinearities I 

- 4 ' 

The effects of the two noulinearities backlash and coulomb friction, 
on the degree of stability as well as the speed of the response of the system can be 
seen from the frequency response curves of Fig. 6. In order to bring out the 
effects of the coulomb friction we proceed as follows : 


Let us first assume that the motor is characterised by a truly linear friction 
characteristics so that instead of the quasilinear describing function d,n) 

given by Eq. (9) the motor is characterised by linear transfer function 


%to) = 


K 

1 ) 


(14) 


The resultant frequency response curves are shown in Fig. 6(a), These curves 
incorporate the effects of backlash alone. The values of \0(^IOi \ and 
obtained from these curves are plotted against the normalised amplitude n in 
Figs. 7(a) and (b) respectively (curves marked Cjoc = 0). It is seen that the 
magnitude of the ratio | O^jOi \ increases with falling signal amplitude (i.e. with 
n increasing) until it reches an infinitely large value (at a signal amplitude corres- 
ponding to n = .3 in Fig. 8). This indicates a possibility of sustained oscillation 
(of this amplitude) in the system. The reduction of the magnitude of the response 
amplitude at still smaller values of the signal amplitude is of course to be expected 
since the effective gain approaches zero due to the backlash dead-zone. The region 
of instability (round about the signal amplitude of about 3.3 in the present case) 
is of the order of backlash width. It can be concluded therefore that the presence 
of backlash causes the system stability to be impaired primarily at compara- 
tively small signal levels. Also there is a slight reduction in the values of 
at smaller signal amplitudes thus reducing the system’s speed of response. 
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Fig. 7. Plots of (a) freqaency-refitponso peak M{$m) 



If uow the same parameters \e,IOi\(0J and are evaluated from the 

response curves of Figs. 6(b) and (c) the results of atldition of the coulomb friction 
becomes evident. These also are plotted in Fig. 7 against n (curves marked 
Cja = 3.0 and (7/a=5.0) in order to emphasize the effects of the coulomb friction. 
It is seen that for the conditions specified the value of the frequency response peak 
as also the frequency show much less dependence on the signal amplitude; not 
only are the sustained oscillations avoided but addition of adequate coulomb 
friction can effectively improve the system’s damping at small signal levels. 
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These results are in fact to be expected from the form of the describing 
function 0 ,^) as given by Eq. (9). It is seen that the effect of considering 

only the fundamental component of the coulomb friction torque for an assumed 
sinusoidal motor speed is to replace the nonlinear friction by an equivalent ampli- 
tude-dependent viscous friction 40/7r| a quantity which is predomiuent at 
comparatively smaller values of 0 ^, 

TIME RESPONSE PROM THE. SOLUTION OF THE 
CHARACTERISTIC ^QUATIONS 

The discussions in the previous sections givi^ a qualitative picture of the effects 
of coulomb friction on the stability and the spe^d of the response of a servo system 
having backlash in the output coupling. A 4iore quantitative analysis of the 
problem is, however, possible by following method suggested by Oldenburg 
and Sartorius (1948). This consists of solving certain piecewise linear differential 
equations which characiterise the system un4pr the stipulated conditions. To 
set up these equations we start with a typical g^p response of a system which has 
low damping. This is indicated in Fig. 8; a rei{)onse which exhibits some oscilla- 
tions before attaining the steady state value. Taking ^ == 0 at the instant at which 



Pig. 8. A typical step input response of the system. 


the first overshoot occurs the function in Fig, 8 can be considered as a damped 
sinusoid, at least during the first few oscillations. The relationship between 
the motor shaft and outputshaft positions can then be set up as 


= Omo—OL] 0 < 6)t < 

; 0a < ^ ^ 


... ( 16 ) 


2 
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where initial amplitude of oscillation 1 

and <?2 = co8~^(l — 2a/0,^) 

These quantities are defined as in Fig. 9. Now substituting for 6c i” 
and setting = 0 we get the two following equations which are valid for 
sections of the half period of d„{t) defined in Eq. (15). Thus, for 



Fia. 0. Waveforms illustrating the boundary conditions. 
0 < < < OJoi, 






dt 




the boundary conditions being 


i — 0, 0^ — and — 0 

and i = (^(Ray) = Oj/w, /9„ -= (say) 

and 0^ — [^fl ,]2 (say), which is a negative quantity. 

For the other section using a new independent variable i.e. for 

0 < (say), 

— the boundary conditions being 


... (16) 

Eq. (1) 
the two 


... (17) 


... (18) 


h = 0> nnd 6^ = [<?„,] 2 , as obtained from the previous section, 

and = <2 = = ^msCsay) and 6,^ = 0. 
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Eqs. (17) and (18), subject to the specified boundary conditions, can now be 
solved to give the nature of the system response during the half period in question. 
The solution can then be used to compute such transient response parameters 
as the half period decrement and the half period of the transient oscillations. 
The results of these computations involve the nonlinearities and bring out their 
effects on the system response. In terms of the symbols used above these two 
parameters require evaluation of 6^^ and The procedure for the purpose 

is outlined below : 


Solution 

of Eq. (17) gives 

0Ut) = 

... (19) 

where 

k = K(d„,,~a)-0 1 

... (20) 

Substituting 

= djoy, i 



Om = 0m«-2a = 0„,-k(t.,~Tjp) . 

C, 

... (21) 

where 

/> = 1 — e 

... (22) 

Eqs. (21) and (22), when solved, gives 

Solution of Eq. (18) gives 

^m{h) = — a+ (a— j e '"'‘cos M, 



+ -^ [ /O (a- ^ 1 e sin A«i ... (23) 

where p and A are two parameters given by 

^ - (24) 

Substitution of the terminating condition in (23) leads to 

tanA <3 = ^ ... ( 2 r>) 

This gives 

Also putting =: ^3 in (23) we get 
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From (26) we have 

?!1±?= C 1-gj- ^CT. ... (CT) 

Noting (Fig. 9) that 0^ has a negative value, Eq. (27) can be rewritten as 


— I ^ma I — « — 


^mo * 


C 

k 


0n 


-a 


* 


COB A<, 

2 )/2-l * 


C 

k{d„^-a) 


1h_ C'/« 

k(<f>ino 1 ) ■' k{(ffnii 


(28) 


where normalised amplitude. 

The left hand side of this equation is easily identified as the half period de- 
crement of 0Q(t)j the load motion. On the right hand side of (28) the factor H 
represents the half-period decrement of the load motion when the coulomb 
friction constant C is zero. This factor has been worked out by Nichols (1953) 
who studied the effects of backlash in a servo system. The effect of the coulomb 
friction is obviously to reduce this value thus indicating a stabilising action. 

For given values of the system constants the half period decrement given 
by (28) and the half period given by T /2 = ^ 2+^3 obtained from Eqs. (21) 
and (22) and Eq. (25) respectively, can be computed. The results are plotted in 

Fig. 10 against the normalised signal amplitude 1 = using the 

normalised coulomb friction constant C/a as a parameter. The curves of Fig. 10 
point out that the effects of the coulomb fricjtion predominate when the signal 
amplitude is small. In general an increase in the value of C results in a reduction 
of A and slight increase of the half-period. The results are in agreement with 
the earlier conclusions of the qualitative discussions. 


KESULTS OF SIMULATOR STUDIES 

The arrangement of the simulator has been discussed in reference 1 and is 
shown in Fig. 11 . The simulator is capable of varying the normalised coulomb 
friction constant C/a as well as the gain K. The response for step displace- 
ment inputs under different conditions of gain and the constant C/a have been 
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Fig. 10(a). Plots of the half-period ||ecremeiit A against 



Pig. 10(b). Plots of half period T/2 against 


obtained and are displayed in the traces of Figs. 12(a) and (b). In Fig. 12(a) 
are shown traces of response for a gain K = 4.0 and C/a = 0, 2.5 and 4.0. In 
Fig. 12(b) are shown traces of the response for K = 2.0 and 0/a = 0, 2.5 and 
4.0. The stabilising actions of the columb friction are clearly displayed by *these 
traces. 
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a (ii) 




a {Hi) 



h (i) b (ii) h (Hi) 

Fio. 12. Traces of step responses obtained with the help of the simulator : 

(a) i5r=4,0; C/a =0, 2.5 and 4.0 

(b) K=2.0;C/a=0, 2.5and4.0 


CONCLUSIONS 

Tlie frequency response data indicate that the presence of coulomb friction 
in a servomechanism results in an increase of the effective system damping at 
relatively low signal amplitudes. If the servo system has backlash in the output 
coupling, coulomb friction can accordingly provide a proper compensation for the 
backlash effects. Solutions of the piece-wise linear differential equations which 
characterise the system having the two nonlinearities can be obtained to provide 
with quantitative data regarding the effects of the two nonlinearities on such 
transient response parameters as the half period decrement and the half period. 
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Conclusions drawn from these computations are corroborated by the results of 
analogue computer studies. 
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RAMAN SPECTRA OF PARA FLUOROTOLUENE AND 
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PLA.TE I 

ABSTRACT. Tho Rainan spectra of para fluorotolueno and phenyl acetonitrile have 
been studuHl in the liquid state and in the solid state at — 180°C and the results have boon 
oomjiarod with those reported by previous workers for a few compounds having similar mole- 
cules. In llie case of para fluorotolueno a strong and broad new Baman line of Baman shift 
103 oni-i lias been observed. The lines 152 cm-i and 333 om-i are found to shift considerably 
with tho solidification of tho liquid. 

In the case of phenyl acetonitrile the Baman line 361 om“i due to C ^ N deformation 
oscillation is found to become very weak but tho lino 2250 cm-i due to C ?= N stretching osoil- 
lation remains almost imchanged when tho liquid is solidified. Further, this compound in the 
solid state also produces only one new Baman line at 95 om“i . A strong and broad luminos- 
conco band at about 21198 cm*i has also been observod in tho spectrum due to the crystals 
in tho solid state at — 180°C. Tho significance of these changes has been discussed. 

INTRODUCTION 

Raman spectra of some substituted toluenes (Biswas, 1964; Sanyal, 1963) 
and a few nitriles (Bishui, 1948) in different states were studied in this laboratory 
and some interesting changes were observed in the spectra with solidification 
of tho substances. In continuation of these investigations the Raman spectra 
of para fluorotolueno and phenyl acetonitrile in the liquid state and in the solid 
state at -ISO^C have been investigated and the results have been discussed in 
the light of the assignment of tho lines made by previous workers. 

EXPEBIMENTAL 

The chemicals used in the present investigation were of chemically pure 
quality. Para fluorotoluone was supplied by Eastman Kodak Co., U.S.A. and 
phenyl acetonitrile by Kscher Scientific Co., New York. The liquids were sub. 
jeoted to distillation under reduced pressure before each exposure. The q)ectro- 

• Oommunioatad by Prof. S. 0. Sirkar. 
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grams of the substances in the li(][uid and solid states and the polarised spectra 
were recorded with the same arrangements as those used previously (Deb, 1960). 
The spectra were photographed on Ilford Zenith plates using a Fuess glass spectro- 
graph giving a dispersion of about J 1 A per inni in the 4046 A region. The wave- 
lengths were measured with the help of iron arc spectrum recorded on the same 
plate as a comparison. 

RESULTS AND DISOUSSION 

The spectrograms are reproduced in Plati^ I. The observed Raman fre- 
quencies together with those reported for the cj^mpoiirids in the liquid state by 
previous workers are tabulated in Table 1 anil Table IJ. The polarised and 
totally depolarised lines are indicated by the letters P and D respectively. 


Parafluorotolu^e 

(a) Lowfreqmncy lines 

It (;an be seen from Figs. 1(a) and J(b) aiul Table I that in the solid state at 
— 18()°C, para fluorotolueiKJ yields two new low frequency Raman lines with 
Raman frequencies 103 cm~^ and 127 em“* respectively. It was previously ob- 
served by Sanyal (1953) and Biswas (1954) that para chlorotoluene yields four 
such linos of Raman frecpiencies 30 cm“^ 50 cni"’^, 85 cm“^ and 129 cm~^ res- 
pectively and para bromotolucnc yields only three such lines of Raman frequencies 
52 cm~^, 94 crn~^ and 133 cm“'^ respectively. A comparison of these results shows 
that the frequency about 130 is present in all these three molecules in the 
solid state and the other two frequencies 50 and 85 cni”^ shown by para chloro- 
toluene do not change very much when the chlorine atom is replaced by the bromine 
atom. This shows that the atomic weight of the substituent halogen atoms has 
very little influence on th(5 frequencies and therefore, they may not belong to any 
intormolecular vibration in u hich the adjacent molecules oscillate against each 
other in the lattice. It also appears that the number of low frequency linos is 
related very much to the chemical affinity of the molecules. Similar results were 
observed in the case of halogen sub.stituted benzenes (Mukherjee, 1960). It has 
been suggested by some previous workers (Sirkar and Bishui, 1946; Sirkar, 1951) 
that these lines might be due to vibratioms in groups of associated molecules in 
the solid state, but no attempt has been made to indicate the nature of such 
modes. The analysis of the results obtained with a large number of such 
compounds is necessary before such modes can be visualised. 

(b) Changes in the position of the other Raman lines with solidification, 

Ferguson et aL (1953) have reported the Raman and infrared spectra of 

para fluorotoluene and have analysed the vibrational bands assuming a point 
group D 2 A for the molecule, because the effective mass of the fluorine atom is 

3 
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nearly the same as that of the CHj group taken as a poiivt mass. It can be seen 
from Table I that the line at 152 em~^ of the liquid, assigned by them to a 


TABLE 1 

Kamau spectrum of p-fluorotolueue 


Liquid 

— . _ — Solid ttt 

Presont Present 

fVa/. (19r)H) author author 


103 (Sb) 


ir»L> 

l.'ii (ll))i) 

127 (4) 

31l» 

310 (1)P 


341 

333 (10)D 

353 (6) 

425 

454 

450 (10)1» 

456 (6) 

502 

498 (1)1) 

03S 

638 (10)D 

638 (6) 

(>95 

692 (2)P 

72S 

722 (2)P 


740 

825 

819 (10)P 

826 (5) 

842 

840 (10)P 

S44 (3) 

908 

910 (0) 


929 

1003 

997.(1) 


1017 

1040 

1001 

1099 

1157 

1 153 (61P 

1153 (5) 

1219 (8) 

1178 

1214 

1221 

1278 

1 299 

12U {I0)P 

l-'«8 (+) 1> 

1296 (3) 

1351 


1382 

13S0 («) l> 

1383 (3) 

1404 

1433 

1455 

1455 (n>)P 


1495 

1508 

1510 (Ob) 


1601 

1597 (0b)r 

1597 (2) 

1614 

1858 

1906 

1940 

2385 

2416 

2454 

2740 

27»« (•.!)? 

2871 

2876 (4) 


2928 

2922 (6) P 

2922 (2) 

3071 

3009 («)P 

3069 (3) 
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h^u mode of the molecule representing probably an out-of-plane carbon bending 
vibration shifts to 127 cm*”^ when the substance is solidified and cooled to — 180°C. 
Also the line at 333 cm~^ due to a h^u mode shifts under similar conditions to 
353 cm~^. In place of two lines at 1601 cm""^ and 1614 cm^^ observed by the 
above authors in the case of the liquid, a broad unresolved band at 1597 cm""^ 
is observed in the present investigation. This band, however, becomes sharp 
when the liquid is frozen. Further, the lines 460 cm”^, 819 cm“^ and 840 cm-^ 
of the liquid shift respectively to 456 cm'"^, 8^ cm~^ and 844 cm~^ when the 
liquid is frozen. All these changes suggest son|e sort of intermolecular associa- 
tion which affects the frequencies of some p{ the modes of vibration of the 
single molecule. | 

Phenyl acetoniti^le 

(a) Low-frequency lines 

This compound yields only one low frequency Raman line at 95 em~^ when 
the liquid is solidified and cooled to — 180”C. Bishui (1948) studied Raman 
spectrum of benzonitrilo at low temperature and he also observed only one such 
line at 94 A similar compound benzyl chloride, on the other hand, produces 

four such new lines of Raman shifts 46 cm“^, 62 cm“^, 82 cm~^ and 88 cm"^^ res- 
pectively in the solid state at — 180^0 (Ray, 1951). These results again show that 
the number of low frequency lines produced by these compounds cannot be satis- 
factorily explained on the hypothesis of the angular oscillations of the molecules 
in the crystal lattice, because the number seems to depend on the nature of the 
individual substituents and not on their masses. 

(b) Changes in the other Rama 7i lines 

In the solid state at — 180^^0, the line 361 cm“~^ due to C ^ N deformation 
oscillation of the molecule in the liquid becomes very weak, but the line 2250 cm™^ 
due to C N stretching oscillation remains almost unchanged. These changes 
are similar to those observed in the case of bonzonitrile by Bishui (1948) who 
suggested that C - - N deformation oscillation might be restricted in the solid 
state due to association of the molecules. The results ot the present investigation 
thus confirm this view . The lines 3059 cm~^ and 3065 cm^^ in the liquid state 
reported in Tables by Landolt-Bornstein (1951 ) are not resolved in the spectrograms 
obtained in the present case, but they appear as a broad band with its centre at 
3065 cm-^. With the solidification of the liquid, the band remains broad. Besides 
these changes mentioned above, frequencies of some other Raman lines of the 
single molecules are also affected slightly. All these changes again appear to 
point to the formation of associated groups of molecules in the frozen state of 
the nitrile compound at the low temperature. 
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(li) LnmimHceMce spectra 

Iji tlie Raman spectrum of phenyl acetonitrile in the solid state at —180°C 
a strong and broad luminescence band with its centre at 21198 cm“”^ has been 
observed. It is well kno^^m now that some substituted benzenes at low tempera- 
tures produce such l)ands in the visible region (Kasha, 1952; Sirkar and Biswas, 


TABLE I 

Raman spectrum of phenyl acetonitrile 


Liquid 

—ISO^’C 

Lttudolt- Progpiit ProstiUt 

Hornatein author anther 

(1951) 


126 (6) 

216 (2fib) 

236 (3b) 

132 /8b)T) 

238 (4b)D 

or) (6h) 

13-3 (4) 

343 (3) 

322 (4) 

358 (5) 

428 (3b) 

324 (2)P 
,361 (5)r) 

432 (lb)P 

361 (0) 

468 (lb) 

618 (7) 

744 (2! 

482 (2b)P 

621 (6)D 

752 (0b)P 

483 (2) 
633 (3) 
753 (3) 

798 (6) 

812 (6b) 

849 (1) 

808 (6) P 

820 (6)P 

813 (4) 

991 (1) 

1003 (10) 

1031 (8) 

1008 (12)P 
1032 (6)P 

1008 (8) 
1032 (2) 

1167 (4) 

1160 (2) P 


1188 (4) 

1192 (7) 

1192 (8)P 

1205 (4b) 

1414 (61 

1499 (0) 

1689 (6) 

1419 (3)P 

1691 (3)P 

1416 (0) 

1602 (6) 

2252 (6) 

2914 (6b) 

1602 (4)D 

2250 (10)P 
2920 (lO)P 

1500 {3b) 
2240 (6) 
2023 (6) 

2984 (3) 

3011 (3) 

3046 (3) 

3069 (9) 



3065 (Bb) 

3065 (lOb)P 

3062 (8b) 
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1966; Biswas, 1956a, 1966b) by triplet-+shigle1. transition, but all disubstituted 
benzenes do not necessarily produce such luminescence in the visible region. 
Probably the wavelength of singlet-^triplet absor{)tioi) band of phenyl acetoni- 
trile is longer than .3650 A group of mercury lines, and in other nitriles not 
showing such luminescence the absoi'ption band may be at wavelengths shorter 
than the 3660 A group. 
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DYNAMICS OF THE LONGITUDINAL PROPAGATION 
OF ELASTIC DISTURBANCE THROUGH A MEDIUM 
EXHIBITING GRADIENT OF ELASTICITY 

S. K. GHOSH 

Department of Physics, .Tadavpur University, Calcutta-32 
{Received Jultf 6, 1960) 

ABSTRACT. ExteuBional vibration in an isotropic medium for linear variation of 
elastic parameters has been considered. The problem is worked out following Operational 
methods. Two distinct eases have been worked from the general solution, namely, (1) for a 
source having impulsive force at one end, the other end remaining free, and (2), impulsive 
force at one end, the other end being fixed. Solution obtained in the form of modified Bessel 
functions have further been simplified for small variations of the parameter using method 
of steepest descents as adopted by Debye. 

INTRODUCTION 

The general problem of the exicnsioiial vibration of a bar excited by the 
inipatd of an elastic load has already been solved for a number of eases by the 
author, following Operational method. The theory has been further extended 
to include dynamics of plastic deformations in a bar exhibiting strain-rate effect 
and subjected to (1) impact stress, (2) alternating stress. 

In the present paper, an isotropic* clastic* medium of uniform density p is 
considered, where the elastic i)araineters X, p, arc supposed to vary linearly. 
Explanations of the symbols used: 

/ -- Length of the medimn 
/ -- Variable time 

T -r- Variable lengUi. measured in the direction of propagation of the disturbance, 
riu! mediiini being free at a; 0 and impacted at a; =. i (as in see. I). But 
in section II, the medium is supposei! fixed at a; 0 and impacted at x = l. 

V = Displacement at any section. 

Ui — Displaccmoul at * — /. 
p --- Density of the medium (supposed uniform) 

A, p = Elastic parameters whose linear variations are supposed in accordance 
with the relations, 

A = Aq+Aio; T 

/• = J 

where A^, jIq are the values at the origin, a: = 0 

22 
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Vq = Velocity of impact. 

Uq = Compressional wave velocity at a- =: 0 
J = Impulse per unit area. 

P = Pressure of impact. 

D = Operator djdt. 

The differential equation govoruiiig motion one dimension in an isotropic 
elastic mediuni of uniform density p is given 


l W -I- 2/.)^ ] 


.du dhL 

-/Or ^ « 

dx dV^ ^ 


... ( 1 ) 


Using transformation 


Eq. (J ) reduces to 


Z — Aq-|--*^/^()~[ (Aj -\ 2// 


« d^u . dll _ d-u 
dz- dz 


... ( 2 ) 


... ( 1 . 1 ) 


which is equivalent to 


z I - tmhi = 0 

dz^ dz 


... ( 1 . 2 ) 


where^ 

f 2/1, f. 

... (3) 

The substitution 




y - 2CI)\A„ + 2//.0 4 (Aj 4 

... (4) 

reduces Eq. (1.2) 

to 



d '^u , 1 d u 



4 = u 

dy- y dy 

... (1.3) 


whic^h is modified Bessel’s ecjuatioii of Zero order and has the solution, 

(/(*, t) = AI^[y) + BK^[y) ... (6) 

where Iq, are modified Bessel Functions of zero order. 

For large values of y (since C is large for small values of Aj, /tj), Eq. (6) 
can be approximately written, using the method of steepest descents, as adopted 
by Debye, as 


V(x, t) = y-\A^€y+B^e-v] 


( 6 ) 
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SECTION I. 


The terminal conditions are : 

dv 


at the free end x = 0, 


dx 


= 0 


and at the end a? = u ^ Ui 

ConditioiiH (6.1) and (6.2) reduce equation (6) to 

U(x,t) -(ZjZi) . ■o8h26'i>(Z/‘-2/)' ^ 


... ( 6 . 1 ) 
... ( 6 . 2 ) 

... (7) 


Ij + 


... (7.1) 


where Zi = Aq 2/1^ + (^i 

and = Aq + 2/to 

Now the pressure of impact oii the medium at a; = Z is given by 

P=_(55^“) ... (8) 

\ dx I x^i 

An impulse J per unit area is given to the medi\im, at x — I, and the subse- 
quent G(|uation of motion is given by 


dt'^ \ dx ) x^i 


.. (9) 


Now substituting the value of ^ ^ as obtained from Eq. (7) in 

Eq. (9) and imposing the boundary conditions, we have 


Dpa^ f 1 + i ?/, tanh +Jlv„D^Ui = JD. ... (10) 

L Z/Iq J «q 

retaining up to first power of Aj, /tj and using the condition 

Z < ('^o"t‘2/to)/(A,+2/ti) 

Eq. (10) yields, 


Ui = vJF{D). 


... ( 11 ) 
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where F(D) ^ D+ ( 1 + 1 ( A+^/*i)^ \ tanh ^ 

I Ao+ 2 /«, J a 


Dl 

0 


= D+,. 


where « = /^o*’o / 1 + 1 (A±^ \ 

«/ I AQ+2yij|| / 

Eq. (11) with the help of (12) becomes ;■ 


... ( 12 ) 

.. ( 12 . 1 ) 


Ui 




1 

D+q 


(i>4?)* 




f ^ I 

I (7J+q)<> (D+qP 




= [A(0+2/,(<i)-2/,(«,),-)-4/,(y- 6/,(g+2/i(«,), H ... + ...1 ... (13) 

whore /(^n) dGiwiest f(i —n^j) ~f(t- n.2Z/ao). 

The values of the functions are similar to those obtained by the author earlier 
(Ghosh and Ghosh, 1951). 


DISPLACEMENT AT ANY SECTION 

E(j. (7) when expanded in terms of its equivalent exponential and simpli- 
fied using small values of A,, //j up to first power gives with the help of Eq. (13), 

U{x,t)^h v ! I V [e/>K{-4-r-1.21} 

I 4 Aq“|”2Aq J L 

r* 1 

+ e--0/«o{®-*+»--21) Jf7, ... (14) 

where r is an integer. 

Eq. (14) is the general form, giving the displacement at any section at any 
instant during impact. 

Now substituting the value of 11 1 from Eq, (13) in Eq. (14) and collecting only 
the useful terms occuring during the desired interval of time, we got for the dis- 
placement at any section during 0 <t < 2//tto, 


£7(.,0- {!+* <''' 




|-e tto 


] flit) 


(14.1) 
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(14.2) 


Since <7-0 is large (when Vq is largo), g is large and at t = IJag equation 
(14.2) reduces to 


U(x, t) 


f|_ ^ (A| +2/q)(H-a; ) ] 
pi L 4 J 


(14.3) 


Eq. (14.3) is similar to that obtained by A. N. Dutta (1956) and is a particular case 
derived from the general solution given by Eq. (14.2). 

It is clear that Eq. (14.3) fails to give general displacement JJ(x, t) for time 
t < 11% i.e., until the waves have reached the far end. Further, the displace- 
ment Eq. (13) shows that the wave train does not return after reflection, as 
shown by the second term of Eq. (15) below. 


PRESSURE AT THE IMPACTED END 

Combining Eq. (8) with (7), the jmessure of impact on the medium at ar = 
i.c. impacted end is numerujally given by 


P = p% 1-h 


1 (A, +2^ ] 

2 X+2/,0 J 


tanh — . U^i 

Ctn 



’ (^i+2//i)/-, • 

2 AoH- 2 /<o J . 


fi (^) 4/2 (ij) 2^2 (^z)"!”... 


Thus during 0 < < < 2llag, 


Pi = P«o 



1 (_Ai^A,)( 1 

2 AQ-(-2/<fl J 




SECTION II 
The terminal conditions are: 


at the fixed end, x — 0, TJ = 0 
and at the end, x = I, U = Ui 

Conditions (16.1) and (16.2) reduce equation (6) to 


... (15) 


... (15.1) 


... (16.1) 

... (16.2) 


U(x, t) — 


/ Z \-V* sinh ^2)(Z»-^o*) 
\ ~Zil ' svaii Wb{Zii~Z^) 


Ui 


... (17) 
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Now substituting the value ^ ^ ^ from Eq. (17) in Eq. (9) and imposing 

the boundary conditions we have, 


[*+-I f - («) 

retaining up to first power of A^, and subjetet to the condition that I < 

A| )-4-2/to 

Eq. (18) yields 


whore 


Ui = 



F(D) = D+ |l + 



= D+q coth 


Dl 


(19) 


( 20 ) 


where q = 1 1-)- ^ (^i”li2/^i^)^ \ bpfoTc. 

J I 2 Ao+2/t„ j 


Eq. (19) with the help of Eq.(20) becomes 


Ui = /x(<)>+2/A)-2/i(«i),+4/3(y-6/,(«2)+2/i(g, 


+ ... ++2 f2«-y„+i(<„)-2«-l--'^^ «(lJ„(/„)^ 

L n n 

- -!-...+( -l)«/i(f„)] . 

The values of the functions are the same as those in Section I. 
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DISPERSION OF MICROWAVES IN OXYGEN 

PREM SWARUP AND S. K, GARG 
Institute or Applied Physics, University or Allahabad, Allahabad 
{Received, February 7, 1960) 

ABSTRACT. Disjjorsion of microwaves has been theoretically calculated in the case 
of gaseous oxygen on the basis of Van Vlecjk-Weisskopf expressions for the collision broadened 
microwave spectral linos. Curves are plotted at pressures of j, 1 , 2, 10. 26 and 60 atmospheres 
in a wide frequency band both for resonant and nonrosonant cases. The calculated value 
of static magnetic susceptibility agrees with the known experimental value. 

INTRODUCTION 

Oxygon moloculo presents an interesting ease in the microwave region. The 
molecule is electrically nonpolar and the absorption and dispersion of microwaves 
is attrihuUnl to it being magnetically polar. Analysis of the band spectrum has 
shown that oxygen moletiule has a ground state. It has the spin quantum 
number unity and the Lande g factor two and, hence, the molecule has the magnetic 
dipole moment of 2 Bohr magnetons ; which interacts with the ^end over end’ 
rotation of the molecule to form a ‘rho type triplet’. The resolved fine striKjture 
of the microwave spectrum has been studied by a number of workers in the vicinity 
of 60 kMcps.b^. The transitions involved here are between J ~ K and J = 
K 1 (negative transition) and J ~ K and J — K-\-i (positive transitions). 
Selection rule prohibits the transition between J -= K~l and J ~ Jf+l. These 
states nearly coincide and differ from J ~ K by about 2 cni“^ and hence all the 
lines are clustered about 2 cm~b There is, however, a subsidiary resonance at 
4 cm-i involving the single transition J == K to J K~l for A l. In addition 
to this resonance absorption, oxygen molecule also shows a nonresonant or Debye 
type of absorption and dispersion which is attributed to the diagonal part of the 
matrix element of the magnetic moment i.e- projection of the Spin vector S 
parallel to the resultant angular moment vector J about which S precesses. On 
the average it is iound that one third of the total mean squared moment is of the 
diagonal variety while the other two third being consumed by the nondiagonal 
type of absorption i.e. the resonance absorption. The study of the resolved 
oxygen spectrum in the low pressure has shouii about 29 absorption lines. 
The measurement of the line width parameter (Artmaii, 1963) has shown 
that it is very nearly constant for all the lines. At a higher pressure, all the lines 
merge to form a single broad line with centroid frequency at 2 cm~b An average 
value of the line width parameter weighted for line intensity has been found to 
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be 1.94 Mc/mm Hg. In case of air, allowing for difference in collision (;ros8 section 
between oxygen and air, the average value is 18% lower i.e. 0.039 cm /atm. 
The value of the line width parameter for the ‘nonresonant' line at zero frequency 
is still uncertain for lack of any exijerimental absorption data at wavelengths 
above 1 cm. Van Vleck (1947) predi(‘ted the attenuation offered by oxygen in 
the millimeter region due to the nonresonant line taking two likely values of the 
line width parameter i.e. Av = 0.02 and 0,05 v.tlix~^ I the former being the 
most probable value and the latter being the upj^r limit. 


CALCULATIOlf S 

Van VIeck’s and later Artrnan’s (calculations ^edi(ctiug the amount of attenua- 
tion offered by oxygen in the min region at atmoi^heric pressure of air were based 
on the quantum mechanical expressions of Var^Vleck and Weisskopf (1945) for 
the collision broadened microwave spectral lines.' The expression for the absorp- 
tion coefficient is: 


a' _47r™,l//£,12 
v2 ^ UT 


Av 2 Av2 _ 

Av2-h(v+Vo)‘^ + Av2 + (v— Vo) 



... ( 1 ) 


2nLp [ 


Av* 


+ 


Av* 


Av*+(v + vo)® Av*+(v- 


»'o) ■! 


( 2 ) 


whore a is the absorption coeflScioiit (per cm); v is the freejuenoy (cun '); vg is the 
resonance frequency ; Av is the lino width parameter (cra~') ; I is the intensity 
factor and p is the pressure in cm of Hg. 

The contribution of the nonresonant line with tlu* line width parameter Avg 
to the absorption at a frequency v is obtained by putting vg = 0 and using half 
the value of I.p, since one third of the squared moment contributes to the non- 
resonant absorption while two thirds to the resonant absorption, in the expression 
(2) above: 



2 Av*g 1 
Av*g+V* i 


( 3 ) 


= 277 /.MAv*o/(Av*o+ V*)] 


Hence the net absorption at a frequency comes out to be: 


a _ a'+a ." 

^572 



Av* Av^ ^ 

Av*-t-(^"b^o)* Av*H-(v — Vg)* Avo+v® 



The associated dispersion of the microwaves due to the magnetic dipole moment 
can be calculated by the quantum mechanical Van Vleck- Weisskopf expression 
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for dispersion. The case is parallel to the calculation of the electric susceptibility 
in ND3 by the author (1966). In this case the magnetic susceptibility (/*'— 1) 
or at a frequency r due to a resonance line at vq of line width parameter Av 

S « ^ I p \ AvHro(r4-7o) Av^^-VqIv — Vn ) "I ... (6) 

" ■ L A(;*+(v+Tg2 At;*-|-(v-T’o)" ^ 

= I.p.S ••• (6) 

where is the shape function. The expression for the contribution of the Debye 
line at zero frequency to the net susceptibility at a frequency v(cm“^) with the line 
width parameter Avq is obtained by putting vq = b taking half the value 
of I.p.ixi the expression (.6) above. The expression is: 


8J = 


‘2 . 


2 Avo^ 1 

A7 o* 4- v* ' 


... (7) 


Hence the net value of the magnetic susceptibility at a frequency v taking into 
account the contributions of the nonresonant and resonant lines is: 


== - I P- [ 1 ... ( 8 ) 

Av‘^ + (v4-t'o)^ Av*-^+(v— Vo)2 Av^+v% ^ 

The values of Lp, have been calculated at different pressuren (Maryott and 
Bimbarn, 1955) and tabulated in Table I. 


TABLE I 

Values of intensity factor at different presmircB and at 20°C 



PreBSure in Atmospheres 

1 2 26 60 

T.pXlO® 

0.69 1.19 14.89 29.77 


DISPEKSION NEAR 2CM-i 

The dispersion curves have been calculated for the individual lines at J 
atmospheric pressure where most of the lines are resolved and for the pressure 
broadened envelope at higher pressures. The value of the line width parameter 
has been taken to be 1.94MG/mm Hg and its variation with pressure has been 
assumed to be linear. Table II gives the various frequencies of transitions (Artman 
1953 and Burkhalter et aZ., 1950) together with their relative intensities. The 
intensities have been calculated by the following formulae: 

( r Av) = 9 91 7 V 1 0-14 (i>t-)^. g+l)(2Jr - 1 ) r _ 2.012K{K+ 1 ) 1 10-«cm-i MC 

T* JE H T \ mmH^ 
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(/.Av), = 2.917 xlO-w r?(2^+3) _ [_ 2.072iSr(Ji:+l) ] lO^mr^MC 

T» ^+1 ^ L ‘ 

The value of (/.Av) for the most intense transition J = 9 to J == 10 is 41.01 X 10-» 
cm~^ Mc/mm Hg. Fig. 1 shows the complex dispersion pattern calculated at 



Fig. 1 . Dispersion curves of oxygon at .25 atmospheric pressure in the 2 cm“i region. 

a pressure of \ atmosphere for indivirluaJ linos and then added up for all the lines. 
The relative intensities of the absorption lines are given in Table II. The lines 
lose their individuality at higher pressures and hence the curves dra^m in Fig. 2 
at pressures of 1 , 10, 25, 50 atmosphere show single broad dispersion curves due 



Fig. 2. Dispersion curves of oacygen at 1,10,25 and 50 atmospheric pressure in the wide 
frequency band duo to the resonance line at 2 cm-i . 
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to the onvelo7)e. It is observed that in case of oxygen low pressure conditions 
prevail even at one atmosphere pressure because of its small collision diameter 
(-~4 A) as compared to the average distance between the molecules (es^oA). 

TABLE II 


K 

Negative transitions 

J = K-^J - K - 1 
Proquonoy Intensity 

Positive transitions 
.7 = = iC-M 

Frequency Intensity 

] 

118.750 kMo/s 

0.732 

66.266 kMo/s 

0.206 

3 

62.486 

0.631 

68.446 

0.560 

5 

60.306 

0.840 

69.692 

0.823 

7 

59.163 

0.930 

60.435 

0.972 

9 

68.324 

0.909 

61.162 

1.000 

11 

57.612 

0.804 

61.800 

0.926 

13 

56.969 

0.664 

62.412 

0.796 

15 

56.363 

0.492 

62.998 

0.616 

17 

66.784 

0.348 

63.668 

0.447 

19 

65.221 

0.226 

64.128 

0.366 

21 

64.673 

0.139 

64.679 

0.194 

23 

64.130 

0.080 

65.223 

0.116 

25 

53.592 

0.043 

65.762 

0.065 

27 

53,066 

0.022 

66.296 

0.034 

29 

X 


66.828 

0.017 


DEBYE DISPERSION 

Contribution to the magnetic susceptibility of the gas by the diagonal com- 
ponent of the matrix element magnetic dipole moment has been calculated on 
the basis of expression (7). Since the exact value of Av„ is still not known, disper- 
sion curves are plotted in Fig. 3 for the value of = 0.02 cm -‘/atmosphere at 
pressures of 1,2, 20 and 50 atmospheres. The dispersion is very sharp at low 
pressures and as the pressure is increased, it broadens and extends to the higher 
frequency region. 

The net value of the m^netic susceptibiUty of the gas can be obtained by 
adding the two component values from the graphs or calculating it from the general 
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Fig. 3. Dis])orftion cui’ves of oxygon ai 1,2,20 and 50 atmospheric pressure in the wide 
frequenciy band duo to tlio nonrosonant or Dobyoline at zero frequency. 

expression (S). The value of static magnetic susceptibility at one atmospheric 
pressure and 2()" C comes out to be : 

(/// 1 )^, — 

-- 3 1.78xl0-fi. 

This value compares very well with the value of (//' — !) as 1.8 x quoted by 
Birnbaum ef nl (1951). More experimental work s})ecially at higher wavelengths 
is needed in this direction. 
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A MINIMISATION METHOD OF BOOLEAN FUNCTIONS 

AMARENDRA MUKHOPADHYAY 

Institute of Radio Physics and Elkctronics, 
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{Received June 10, 1960) 

ABSTRACT. Algebraic , graphical, chart and numerical methods of minimisation 
of Jlooloan Functions have been j)roposed by several authors (Karnaugh, 1963; McClusky 
1950; 8hanrion, 1938; staff of Harvnrd computation laboratory, 1951 and Troye, 1969). These 
m(5t hods aim at improving tho design of switching circuits which are extensively employed 
now a days in fligital equipments. In the present pai>or wo shall put forward a method of 
minimisation which has been developed by a combination of the principles underlying the 
methods of Svoboda and McClusky. In particular, a procedure has been suggested which 
roducoH to a groat extent the number of trial-repetiticms required to minimise functions which 
form into a cyclic hasiij coll <;hari. 

INTRODUCTION 

(a) 27/e mini'tml form 

Functions of Booloun variables, like the variables thoniselves, express the 
states of binary quantities. The function can have only two values 1 or 0, cor- 
responding to ih(‘, presetute or absoiujo of a partiijular state. A convenient way 
of describing the function is to specify in a table the value of tho function for 
each (-orubinatioii of input- conditions, such as shown in Table 1, for a three variable 
function /(xj, Xg, .r^). 


TABLE I 


Decimal 


Xx 

X 2 , 


/ 

Minterms 

equivalent 
values uf 

n 

0 

0 

1 


miuterms 

0 

0 

0 

1 

0 

^ 2^«{ 

1 

0 

1 

0 

0 

X \ A ' 2 X ;{ 

o 

0 

1 

1 

1 

x ' 

3 

1 

0 

0 

1 


4 

1 

n 

1 

0 

a;,.T\.a;3 

5 

l 

1 

0 

0 

XiX 2 X'ii 

6 

1 

1 

1 

1 

Xix . x:i 

7 
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A Minimisation Method of Boolean Functions 

In canonical form, / can be expressed as 

= S (0, 3, 4, 7)[decimal mode of writing/] 

The expression for / derived from the truth table, called the canonical expan- 
sion of/, can be written in several reduced forms applying few theorems of 
Boolean Algebra. But when the function becomejB complex, algebraic manipu- 
lation is not very helpful and we resort to special t|ietho<ls. 

Of all the alternative expressions for /, we c|ll one (and sometimes more 
than one) the “minimal form” which involves a inii|imum number of total opera- 
tions. The number of operations equals the 8un| total of “Boolean product” 
operations to realise the reduced minterms and thei “Boolean sum” operatioiis to 
realise the expansion. It follows from this definition that a minimum of diode 
circuit elements will be required for physical realisation of the function exi)ressed 
in the minimal form. 

(b) Ne/ighbours, cells and iveight 

The terms of the canonical form of a given /?.-variable Boolean function can 
be depicted by nodes of an n-dimensional cub(\ A single variable is depicted 
by two modes connected by a lino. With two variables (:i\y x^) we require four 
nodes connected by four lines. When there are n variables, we take (li+l) vertical 
dotted line, and number then 0, 1,2, from left. We construct ... 

number of nodes over each of these lines respectively and name the nodes with 
binary numbers having no 1’, one ‘T, two ‘I’s, and so on up to n ‘I’s, i.c. having 
index values r = 0, 1, 2 ..., w, over the (/t+l) vertical lines. These are then 
arranged from top to bottom over any line having increasing decimal equivalent 
value. Lines are then drawn between nodes which differ in exactly one variable 
and no line is drawn further. The vertices of the cube represent all possible 
minterms of the canonical expansion and the cube can be considered to be made 
up of cells (Urbano and Mueller, 1956). 


0-cell or vortex -a point 

fe = 0 

1-cell -a line 

k = 1 

2- cell - quadrilateral 

ifc = 2 

3-cell -hexahedron 

fc = 3 

fc-cell 

k = k 


where k denotes the order of the cells. 

The nodes or vertices which are joined to a particular node or vertex, are 
called the neighbours or adjacent states of the vertex. The total number of 
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neighbours belonging to the body of the specified Boolean function with reference 
to Hr partieular vi^rtox is called the weight of the vertex, and this equals to the 
niimbcu* of 1 -cells incident with the vertex. 

To illustrate the above terms let us take the function expressed in canonical 
form as 


/(^ 5 > *^ 4 . ^ 3 ’ -^ 2 ’ ^ 1 ' 


x^,) - Y. (0, 1, 3, 5, 7, 8, 10, 12, 15, 16, 17, 

21, 24, 26, 28, 29, 30, 32, 33, 34, 36, 
37, 39, 40, 42, 45, 46, 49, 50, 54, 55, 


58, 59, 60, 61 , 62, 63) 


( 1 ) 


We shall find all the cells incident with each vertex and also the weights of 
the vertices. 


The above is a six-variable function. In Svoboda’s method the function 
is first projected in a modified Veitch diagram. The different cells are found by 
usijig six contact grids and the weight of each vertex is found by using six direc- 
tional grids (Svoboda, 1956 and Choudhury, 1959). Following McClusky (Me- 
(ylusky, 1956) wc shall adopt a method in whicli the ideas of cells and weight 
can be directly incorporated and which can be easily extended to cover cases 
involving more than six variables. 

To start with Table II is prepared as follows: 

The decimal numbers corresponding to the vertic^es of the given function 
[Eq. (1)] are entered in column (a) in groups (indicated by separations) having 
increasing index values viz., r 0, 1, ... 6. 

The combinations entered in column (b) are selected from column (a) taking 
two numbers having index values r and r+l respectively when 

Mr^l-Nr=2^ ... ( 2 ) 

whore, i: = 0. 1, 2 ... and Mr+i, Nr are numbers belonging to the groups having 
index values r -\- 1 and r respectively. The terms in column (b) will then show all 
possible 1 -cells present in the given function. The difference expressed by Eq.(2) 
is entered within brackets. Thus 1 and 3 form a 1-coll, but 1 and 10 will not 
form a 1-cell. 

The combinations in column (c) are derived from column (b), taking two 
terms from any two consecutive groups (i.e. on two sides of a separation line) 
when their first difference (Eq.{2)] tally and the second difference between leading 
numbers is again positive and equals 2*, (fc = 0, 1, 2, ...), these differences being 
indicated in brackets. The terms in this column show all possible 2-cell8 present 
in the given function. We need only enter cells whose vertices form an increasing 
sequence of decimal numbers. 
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Similarly, column (d) has been prepared from column (c) when both the first 
and second differences tally and the third difference between leading numbers is 
again 2*. The term in column (d) shows the only 3-cell present in the function. 

Check marks are placed at any stage of combination when cells of a given 
A;- value combine to form a cell of next higher ordw. Wo also check mark the cells 
which will give rise to alternative modes of formfttion of any higher order A;-cell. 
Thus 1-cells 0, 1 (1) and 16, 17 (1) and also 0, 16(16) and 1, 17 (16) are check 
marked since they form the 2-cell 0, 1, 16, 17 (i, 16). The unchecked cells are 
called the basic colls or the prime implicants of^f the given function. 

Column (b) of Table II contains all information about the neighbours and 
weight of each vertex. The number of times 4 given vertex combine in this 
column is equal to its weight and the companions are its neighbours. Thus the 
vertex 1 has neighbour 0 in the top group and 3, 17, 33 in the group just below 

the top, and we need not look down the column fi^fteJ’ the 1-ceII 1, 33 (32), because 
1 can never occur below this term. Hence weight of I is 5. Thus one can quickly 
compute the weight of each vertex, and find its neighbours, as listed in Table III. 

THE MINIMISATION METHOD 

The determination of minimum sum essentially consists of selecting a 
minimum number of basic colls so that their sum gives the specified output for 
all combinations of input variables. 


TABLE II 

Determination of cells 


(“) -s/ 


(C) 

i(f) 

o 

o 

II 

0,1(1) V 

0,1,16,17(1,16)— TV I,; 

*.5,7.33,36,37,39(2,4,32)— ,4 


0,8(8) ^ 

0,1,32,33(1,32)— V 


8^/ 

0,16(16),^ 

0,8,16,24(8,16)— U 


r 1 Itiv' 

0,32(32) ^ 

0,8,32,40,(8,32)— r 


32 J 

1. 3(2) 

1,3,33,36,(2,32) 


3n/ 

1, 6(4)^ 

1,3,5, 7,(2,4)^ 


B^/ 

1,17(16) 

1,6,17,21(4,16)-- Sf 


10 J 

1,33(32) 

1 ,6,33,37(4,32) 


i2js/ 

8,10(2) 

1,17,33,49(16,32)— « 


r’^2 17>/ 

8,12(4) J 

8,10,24,26(2,16)— e 


24: J 

8,24(16) ^ 

8,10,40,42(2,32)— P 


33 ^/ 

8,40(32)^ 

8,12,24,28(4,16)— 0 


34^ 

16,I7(1),J 

32,38,34,36(1,2)— AT 


40 y/ 

16,24(8) J 

32,34,40,42(2,8)— AT 



32,33(1) ^/ 

3,7,35,30(4,32) 


21^/ 

32,34(2) ^ 

6,7,37,39(2,32) 


26^ 

32,40(8) ^ 

10,26,42,68( 16,32)— £r 
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TABLE II— (co»<d.) 

Determination of colls 


r = 3 


r 


= 4 


r 0 


(")n^ Wn/ (c) 


28 ^ 3.7(4) 24,26,28, .30(2, 4)— K 

35 3,35(32) V 33,35,37,30(2,4) J 

37 J 5.7(2) „/ .34,42,50,58(8,16)— J 

42^ •'’•2 ' ( 1 <■•) ^ 20,30,68,62(4,32)— / 

49^/ 5,37(32)^/ 28,20,60,61(1,32)- H 

50^ IO,20(16)V 28,.30,60,02(2,32)- -O 

J6„/ 10,42(.32),y 42,46,68,62(4,16)—/^ 

29 1 2,28( 1 0) 50,.64,68,62(4.8)— ^ 

30 1 7,21 (4) ,y 54,55,62,63( 1 ,8)—// 

39 ^ 1 7,49(32) ,J 58, .69, 62, 63(1 ,4)- <’ 

45,^ 24,26(2)^ 60,61.62,63(1,2)- B 

46 J 24,28(4 ) ^ 

54 V 33>35(2)V 
68 V 33,37(4) V 
60 V 33,49(16) V 

55 V 34,35(1) V 
59 V 34,42(8) V 
61V 34,60(1 6) V 

62 V 40,42(2) V 

63 V 7,16(8)— 6 

7,39(32) v' 

21,29(8)— </. 

26,30(4) V 
26,68(32) V 
28,29(1) V 
28,30(2) V 
28,60(32) V 

36,39(4) V 
37, .39(2) V 


(rf) 


37,46(8)— 2 
42,46(4) V 
42,68(16) V 

60,54(4) V 
60,58(8) V 
29,61(32) V 
30,62(32) V 
39,56(16)— F 
46,61(16)— X 
46,62(16) V 

54,66(1) V 
64,62(8) V 
68,69(1) V 
68.62(4) V 
60,61(1) V 
60,62(2) V 
66,63(8) V 
69,63(4) V 
61,63(2) V 
62,63(1) V 
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TABLE III 

Determination of weight and neighbours 


Vertex 

Nei/?hbours 

Weight 

0 

1,8, 16, 32 

4 

1 

0, 3, 5, 17, 33 

5 

8 

0, 10, 12, 24, 40 

5 

JO 

0, 24, 17 ^ 

3 

32 

0, 33, 34, 40 1 

4 

3 

1,7,36 f 

3 

5 

< 

1,7,21,37 5 

4 

10 

8, 26, 42 ^ 

3 

12 

8, 28 i 

. 2 

17 

1,16,21,49 

4 

24 

8, 16, 26, 28 

4 

33 

1,32,35, 37, 49 

5 

34 

32, 35, 42, 50 

4 

40 

8, 32, 42 

3 

7 

3, 5, 16, 39 

4 

21 

5, 17, 29 

3 

20 

10,24,30,58 

4 

28 

1 2, 24, 29, 30, 60 

5 

35 

3, 33, 34, 39 

4 

37 

5, 33, 39, 46 

4 

42 

10, 34, 40, 46, 58 

5 

49 

17, 33 

2 

60 

34, 54, 58 

3 

15 

7 

1 

29 

21, 28, 61 

3 

30 

26, 28, 62 

3 

39 

7, 35, 37, 56 

4 

45 

37, 61 

2 

46 

42, 62 

2 

54 

50, 55, 62 

3 

58 

26, 42, 50, 69, 62 

6 

60 

28, 61,62 

3 

65 

39, 54, 63 

3 

69 

68, 63 

2 

61 

29, 46, 60, 63 

4 

62 

30, 46, 54, 68, 60, 63 

6 

63 

66, 69, 61, 62 

4 


39 
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McClusky’s method consists essentially of drawing a prime implicant table, 
seU't^tiiig the basis rows, then ruling out each row which is covered by another. 
The first ste]) is now repeated and the procedure continued until all the states are 
included or a cyclic prime implicant chart results. Then a trial repetition process 
is followed to obtain the minimal sum. 



Pig. 1 . The basic-cell chart, the weighting chart and the weight reduction table for the func 
won expressed by Eqn. (1). 
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Svoboda follows a few methodical steps realised by applying the contact 
grids and directional grids on a modified Veitch diagram. We shall adapt these 
steps to McClusky’s chart, with some obvious advantages. The method may be 
illustrated by taking the example of minimising the function given in E(|, (1). 

A basic cell chart, which is what McClusky call.s “the prime implicant table’*, 
is first drawn. (Fig. 1), The columns carry at theif heads the decimal numbers 
corresponding to all the vertices which arc coutaiAed in the expression of the 
function and the horizontal rows correspond to ba|ic cells. The vertices which 
combine to form a basic cell are cross-marked at tl|te intersections with the hori- 
zontal row representing the particular basic (^ell. '’.^us the basic; cell Z has been 
formed by combining 1, 3, 5, 7, 33, 35, 37, 39 and classes in the A row are jdaccd 
under these (;oiumns only and so on for all other r^ws. 

We shall now introduce one new chart- anrl a talkie. Over the basic cell chart, 
a weighting chart is })laccd which depicts all the lipighbours of each vertex and 
hence determines the weight of the latter. This ehart is drawn from the data 
in Table 111 or direct ly from column (b) of Tabic II or, if anybody prefers, with the 
help of a Karnaugh map. 8niall circles are entered over each of the vortex of 
the given function in successive horizontal lines so that the circles are h)cated over 
a diagonal lino. Crosses entered in the horizontal line are the neighbours of the 
vertex represented by the circle in that horizontal line. Thus, crosses corres- 
ponding to I, 8, 10, 32, are the neighbours of the circle representing the vertex 
0. The weighting chart has the interesting property that it is symmetrical about 
the diagonal line. 

Below the basic cell chart, a weight reduction table is formed. In the first 
row of this table, weights of all vertices computed from the weighting chart are 
entered under corresponding columns. 

We shall now proceed to utilise Svoboda’s methodical steps (t^voboda, 
private communication) to obtain the minimal form. 

FIRST STEP 

The terms which arc essential for inclusion in all posvsible minimal forms 
satisfy the theorem: 

“Theorem I: The sufficient coiulitiou for inclusion of a term T in (any of) 
the minimal forms of the function is the iuci<lcuce of the corresponding fc-cell I 
with a vertex V of weight k". 

We begin with cells having smallest weight. If the weight of a vertex is zero 
or one, one always obtains a term satisfying the above condition. In Fig. 3 
there is no vertex with weight A = 0. The vertex 15 has weight k =- 1 ami there 
is the 1-eell b(7, 16) in row (b), which therefore is an essential term. Agam, the 
vertices 12, 46, 49, 69 have weights k — 2, and to each of them is incident one 

6 
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2-cell in the rows 0(8, 12, 24, 28), F(42, 46, 58, 62), R(l, 17, .13, 49) and C{68, 59, 
62, 63) respe<!tively, and hence they represent essential cells. But with the vertex 
45 having weight k ■= 2, there is no 2-cell incident and hence there is no essential 
term corresponding to this vertex. The vertex 3 has weight fc = 3 and there is 
a 3-cell incident with tliis in the row A(l, 3, 5, 7, 33, 35, 37, 39), which is therefore 
essential. No other vertex of weight & = 3 satisfies the sufficient condition of 



Fig. 2. The form of tho charts after the first methodic step. 
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Thus, by tho first methodic step we have selected rows A, C, F, O, R, b, 
marked l>y asterisk at the extreme right of the rows (Fig. 2). It is interesting to 
note that this step is identical with the first step in McChisky’s method e.g., 
tinding the columns which contcdn only one cross and selecting the rows as tho basis 
rows in which these crosses occur. 

All the columns in which the essential rows have entries are lined out, because 
the vertices correspoiiding to these columns have become bound to the chosen 
configuration of cells in the first step. The lining out is also extended to the 
weighting it hart so that the free neighbours of the free vortices become apparent 
(see Pig. 2). 

Definition : The free v eight W of a vertex is equal to the number of 
1-cells bolojigiug to tho body of the Boolean function incident with the vertex Vq 
and incident with W free vertices Fj, F^... F^ . The vertices Fi, Fg ... Vyy 
are called free neighbours of the vertex V^y 

Tho redut^ed or the free weights of free vertices are now easily computed by 
eountiiig the number of unruled crosses occurring in the horizontal line for any 
vertex. Thus for tlie free vertex 0. wc find the number of unruled crosses is equal 
to 2 corresponding to the free neighbours 16 and 32. Honee the reduced weight 
of the vertex is 2. The weighting chart, therefore, not only enables to compute 
the reduced weight, but also shows which neighbours of a j>articular vertex are 
still free. 

The reduced weight of each free vertex is computed and entered in the second 
row of the weighting table, under corresponding columns of the vertices. Each 
of the vertices which is bound in the first stop is marked in this table by putting 
a bar under the number representing its weight. The appearance of the charts 
is shown in Fig. 2. 


SECOND STEP 

The second step is to select those terms which might be included in at least 
one of the minimal forms. For this we utilise the theorem : 

Theorem II : A sufficient condition for a term Tn+i to be included in at least 
one of the minimal forms is satisfied when all the following propositions are true : 

(1) The partial form Fn = Ti4-T2+...+Tn (corresponding to the body 
of all bound vertices built from cells q, tg ... tn) has been included in one of the 
minimal forms. 

(2) There is a ^T-cell incident with a free vortex Vq, with all free neighbours 

Fi, Fg ... F|p, with free vertices F^^ 2 » ^w-^p with any number of 

bound vertices (TF ^ ^ fbe free weight of the vertex Fq). 
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(3) There is no fc-cell incident with the Vq ajul with another free vertex 
not belonging to the sot Fq, Fj ... V^r^p. 

(4) All i;-oellH incident with Vq have k < K. 

(5) The term Tn^i corresponds to the K-co\l 

In Fig. 4, the free vortex 45 has free weight W — l, Jt will be seen that there 
is a ^L-cell X(45, 61) satisfying the sufficient coiKfitioiis of Theorem II. Columns 
45 and 61 are lined out and the lining out is extended to the w^eighting chart. 



Fig. 4. Selection of cell A in the problem of minimising the function expreesed in Eq. (iv). 

Now. due to ruling out 61. weights of 60 and 29 are reduced further by unity. 
The weights for other free vertices remain unchanged. The free-weights are now 
written in the third row of the weighting table (Fig. 3). 
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The vertex 60 has free weight PT = 0, but no cell incident on it (e.g,, B, G, 
H)satisficH the sufficient condition of Theorem II, because with B, the vortex 
30 of O or vertex 20 of H are not covered. Similar arguments apply to cells G 
or H. From the vertices having free weight IF = 1, are incident 2-cells U and 
W with 16; both of these take all the free neighbours— here 0 only— of 16. Also 
K -rr: 2 > IF =r 1 ; all ifc -cclls havc K, BO that we can take either. But for 
vertex 10, cell L takes its only free neighbour 26, but there is a cell P incident 
with 10 containing the vertex 40 which is not included in cell L; hence L cannot 
be included. The vertex 21 has W =- 1. The cell ‘a’ incident with 21 takes its 
only neighbour 29, its = 1 = but there is a fc-cell 8 having k = 2 '> K\ 
thus, it cannot be included. We can check similarly why cells incident with 
29, 30, 40 for which W — J , do not satisfy the conditions of Theorem II. But 
cell D incident with 55 having free weight IF = 1 , can be included. 

Lot us take IF. The reduced weights of free vertices are shown in the fourth 
row of the weighting table. 

Now, vertex 60 of IF ^ 0, cannot still be included. With vertices 10, 21, 
29, 30, 40, of weight IF 1, there is no cell incident satisfying conditions of 
Theorem II. With vertex 55 of weight W — \ is incident cell D which takes 
55’s only neighbour 54 and for this all k < K\ so row I) is selected. The vertices 
54, 55 are bound thereby. The weights of free vortices arc computed and written 
in the fifth row of the weighting table. Another cell Y incident with 55 cannot 
be included. In the same way row J incident with 50 is sele(»ted and the free 
weights of the free vertices are reduced and entered in the sixth row of the weight- 
ing table. Next, row M incident with 32 is selected. The resulting reduced 
weights of the free vertices are shown in the seventh row of the weighting table. 
Now, two cells L and Q incident with 10, satisfy sufficient conditions for inclusion. 
We take L and reduce the weights of the free vertices. Note that when vertex 
40 was unbound, L could not be included as an acceptable cell iinddent with 10). 
Next, incident with vertex 30 of W — 0, three cells, names, G, /, K satisfy sufficient 
conditions of inclusion. Let us take G, since it also bounds the free vertex 60 
of free weight W ^ 0. The cells selected at the second step are indicated by two 
asterisks. 

The form of the chart at this stage is shown in Fig. 3. Two vertices, 21 and 
29 are still free, and Theorem II is not applicable to them. 

THIRD STEP 

When both theorems I and II cannot be applied any further, the general 
procedure will be to start with a vertex having smallest free weight and pick out 
the minimal form by trying all possible cells covering the neighbours of the vertex, 
and completing the minimal form for each trial, by a repetition of the second 
methodic step. In case, the second step made after a trial does not include all 



A MinimisOftion Method of Boolean Functions 47 

the free vertices, a second trial is to be made, repeating a third step followed by 
another repetition of a second step. From all the trials, wc call the one minimal 
which introduces minimum number of operations. 

In the example that we have chosen, this stej) is trivial. The vertices 21 
and 29 are selected by cell Ui' marked by three asteriks and there is no other 
alternative. 

Thus one of the minimal forms of the Boolean Function given by Eq, (i) is 

f = I) (first step) 

1 X-l IF+i^-f J-f [ L \ (i (second step) 

+« ; (third step) ... (iii) 

To write the algebraic equivalent of a basic cell, ^r example, of the cell F given 
by 42, 40, 5S, 02(4, 10) we write the leading nunili^r 42 in binary form, eliminate 
variable Xf^ whenever a differejice 2* appearsj^ in the bracket, and for the 
remaining digits ‘1’ stands for an unprimed variable and ‘0’ for a primed 
variable. 

2* k Xg ^4 ^3 X.2 F 

4, 10 2, 4 I ^ 1 (ft I ()~ 42 x^x^x-^x ^ 

and so on for the other cells. 

Wc can also obtain alternative minimal forms by interchanging cells without 
increasing the number of operations. Thus, we have seen that interchange is 
possible between W and V or L and (?, which will produce three more minimal 
forms. We also note that if L, M and D arc not eliminated, we could interchange 
J with E producing a fourth minimal form and so on. 

MODIFIED THIRD STEP AND OYCLIC BASIC CELL CHART 

The third step of trial -repetition in both Hvoboda’s and MeClusky’s method 
is not very smooth. In fact when the cyclic basic cell chart (♦) is considerably 
complex, there is no way out to break through the structure in McClusky s method. 
In Svoboda’s method, however, there is one clue: start with vertices of smallest 
weights. At this point a modification might be introduced whi(4i will reduce the 
number of trial repetitions to a great extent. The modification is as follows. 

(a) Start always with a vertex having smallest weight. 

(b) Select the cell incident with the vertex which includes all the neighbours 
of the vertex. In case there are more than one such cells, selection of any one 
of them will suffice. But, if cells are incident with the chosen vertex which include 
not only the neighbours but other non-neighbour free vertices, select that row 
which includes the maximum number of non-neighbour free vertices. If this 

*A basic cell chart is here said to bo cyclic when with none of the vertices is incident 
a cell satisfying the conditions of both Theorem I and II. 
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number be the same for more than one ceJl, selection of any one of them will 
Huffieo. 

(c) If a cell incident with a chosen vertex does not include all neighbours, 
select that cell which (‘overs the maximum number of neighbours, and if there 
are more than one such cell, selection of any one of them will suffice. But, if there 
are cells incident with the vertex which not only includes the same maximum 
number of neighbours, but also some other non-neighbour free vertices, select 
that cell which includes the maximum number of non-neighbour free vertices. 
If this latter immbfM- he the same for more than one cell, selection of any one 
of the mwill suffice. 

After each selection of a cell in (b) or (c) , reduce the weights of the free 
vertices and repeat the procedure until all the vertices are bound. 

To illustrate tht^ above procedure we choose a problem which can not be 
readily solved by McClusky's trial repetition method. McClusky gave an 
approximate solution of this problem by his method of selecting consistent-row 
set (McClusky, 1956), 

The problem is to obtaiji the minimum sum of 

/(•^3» ^2’ ^1’ ^u) “ II) 

13, 14, 15, 16, 18, 19, 20, 21, 

23, 24, 25. 26, 27, 28, 29, 30) ... (iv) 

The basic-cell chart, the weighting chart, and the weight reduction table are shown 
in Fig. 4. This is a cyclic basic? (;ell chart. Tiieiderit with the vertex 30 of weight 
If — 3, there are two cells A ajid Z; neither of them covers all the neighbours 
of 30 viz., 14, 2b, 28 so that criterion (b) is not applicable. Since A takes two 
neighbours and also a non-neighbour vertex 24, while Z only one. We select A 
[criterion (c)J. Coluiriiis heading 24, 26, 28, 30 are lined out, lining out extended 
to the weighting charts, reduced weiglits of free vertices are written in the second 
row of the weighting table (See Fig. 4). Now, the vertices 8 and 14 have free 
weight W = 2 and to both of them criterion (b) is applicable. The cell I incident 
with 14 takes two neighbours of 14 viz., 6, 15 and one non-neighbour free vortex 
7. Also, cell W incident with vertex 8 takes the two neighbours of 8-0, 9 and one 
non-neighbour free vertex 1. Hence any one of the cells will do. Let us take I. 
The bound columns are lined out. Weights of the free vertices are reduced and 
entiTed in the third row of the v^ cighiing table. Now, vertices 2, 8, 11 have free 
weights 2. We ban take either U or W or 6 at this stage, since all of them 
cover the free neighbours of 2, 8, 11 respectively and each has one non-neighbour 
free vertex, viz., 16, 1,27 respectively. It is to be noted that vertex 23 also 
has free weight W -= 2, but there is no cell incident covering all the free neighbours. 
Hence it is not considered. Let us take G and reduce the free weights. 

The form of the charts after selection of / and G is shown in Fig. 6. Now, 
the vertex 8 has minimum free weight W ^ 1. We can select either W or 8 
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[criterion (b)]. Let us take W ami reduce weights of free vertices. Selection of 
U is now unique [criterion (b)]. Weights of free vertices are reduced and shown 



Fig. 6. The form of the charts after selection of cells I, Q. 


in the sixth row of the weighting table. Selection of Y is then unique. Free 
weights are reduced and shown in the seventh row. Then vertices 4, 13, 20, 29 
have weights W — 2, Both 13 and 29 are covered by J and this cell besides 
providing for the neighbours, also include one non-neighbour free vertex. The 
cell P incident with 20, also satisfies similar conditions; let us, however, take 
J. This reduces free weights of 4 and 20 to IT = 1. The condition of the charts 
is now shown in Fig. 6. We can include the vertices 4 and 20 at a time either 
by T or P. Let us take T. The minimal form, therefore, is 

f^A+I+O+W+U+Y+J+T ... (V) 


7 
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There are situations when all the alternative minimal forms can be obtained 
directly from one minimal form by interchange of variables or by priming vari- 
ables or by both. For example, let us take the four variable function 

/(a: 3 ,* 2 ,*i,a:„) = (0, 1,3,5,8,10, 11,13, 15) ... (vH) 

The basic-cell chart, weighting chart and weight reduction table (for two trials) 
arc shown in Fig. 7. If we start with vertex 0 and select cell A applying criterion 
(c) we nha]] olitaiii the miainium sum as 

fi A j iviii) 

Tho se({UPaoo of o])eration is evident from weighting Table I. If, instead of A, 
we start with cell B, we shall obtain the solution (weighting Table II) 

f, = B+H+C+G+ •J (ix) 

Now, /a can be directly obtained from /j by priming and ^^3 and interchanging, 
siacjo the above operation will leave the function unchangiMl; vertices 0, 1 are 
changed with vertices 10, 11 respectively so that cells A^E.F are changed to 
H, /i, (J respectively. This property of the function is called group invariance. 

CONCLUSION 

A method of minimisation of Booloaix Functions in the form of a minimum 
sum has boon presented in this paper by applying the methodical steps of Svoboda 
on McOlusky’s chart with the help of a weighting chart and a weight reduction 
table. The merit of this method is that it can be coixveniently extended to cover 
cases involving more than six variables whereas the application of Svoboda’s 
method to such cases becomes considerably inconvoniont. Furthermore, in this 
method tho basic cells incident with any vertex are easily obtained by looking 
along the column representing the vertex, whereas in Svoboda’s method they 
will have to bo searched out by several trials involving tossing and turning of the 
grids having different combinations. 

A modification has been suggested on the third step of trial-repetition, which 
is particularly useful for minimising functions whic^h form into cyclic basic cell 
charts. 

The introduction of weighting chart has greatly system ctisod the advantages 
of the methods of both Svoboda and McClusky. 
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VARIOUS APPROXIMATIONS FOR THE ISOTOPIC 
THERMAL DIFFUSION FACTOR. I. APPLICATION 
TO HELIUM ISOTOPES 
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Chemisthy Division, Atomic Enkkoy Establish^Int Tbombay, Bombay, India 
{Received^ September 8, T' 

ABSTRACT. Various formulae for thcj isotopic ^ermal diffusion factor have been 
reviewed and a new formula has been derived. Numoricjl calculations liave been performed 
for the particular case of HeS-He^ in a region whore quotum effects are negligible. These 
calculations establish the relative adequacy of a compwatively simpler formula advanced 
by us and will be useful to interpret the recent experimAital results of Saxena, Kelley and 
Watson on the thermal diffusion factor as a function of iemperaturo. 


1. INTRODUCTION 

Knowledge of the thermal diffusion fad or for helium isotopes is important, 
for thermal diffusion has been used by Melntoer, Aldrich and Nier (1948) and 
Schuette, Zucker and Watson (1950) to enrich despite its extremely low 
abundance (1.3x10“'^%) in natural helium and still lower abundance for well 
helium. MoaKSuremouts of the isotopic thermal diffusion factor, aj», as a function 
of temperature are also important to investigate the intermolecular forces. Moran 
and Watson (1958) measured the thermal diffusion factor for in the tem- 

perature range 233°K to 57 1'K by using an elegant apparatus “Trennschauker^ 
introduced by Clusius and Huber (1955). Kecently Saxena, Kelley and Watson 
(1960) have extended thes(i measurements to still lower temperatures. These 
measurements show a much steeper temperature dependence for than given 
by the existing theoretical (*xpressious. Approximate quantum mechanical 
calculations oia^ by Saxena (1960) reveal tliat the quantum corrections are negli- 
gible even at the lowest temperature (233^K). Thermal diffusion factor like 
othw transport properties, emerges from the theory as the ratio of infinite 
determinants, Chapman-Cowliiig (1953). There are two alternative procedures 
developed separately by Chapman and Cowling (1953) and by Kihara (1949) 
to expand these infinite determinants into infinite convergent series. The use 
of varying number of terms of these series lead to the various approximations on 
the two schemes. As Moran and Watson (1968) compared their experimental 
results only with an approximate formula, valid more rigorously for , a mixture 
of heavy isotopes, it would be interesting to explore the possibility of this anomaly 
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in the use of an inadequate theoretical expression. The purpose of the present 
paper is to evaluate ccji for He®~He^ according to the expressions derived on the 
two approximation schemes. This will establish the relative usefulness and 
limitations of the various formulae. A new formula has been derived on the 
Kihara approximation scheme, taking into consideration terms containing upto 
the second power of the reduced mass. 


2. GENERAL FORMULAE FOR THE ISOTOPIC THERMAL 

DIFFUSION FACTOR 


The Chapman-Enskog kinetic theory of gases expresses tlie m-th Chap- 
man-Cowling approximation for a^r as follows: 




Here Xj and are the mole fractions of the two componeiii-s of jiiolecuJar weights 
My^ and Afg respectively. The quantity represents a deterininaut of (2m 4-1) 
order, the general term of which is aij where i and j range from -m to-\-7n including 
zero. The minor of obtained by deleting the row and column containing 
aij, is denoted by the symbol To the first a])proximation, Eq.(l) can be 

written into the following convenient form: 


where 


... ( 2 ) 
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The expressions for <S’j and are obtained from those of 8^ and by an inter- 
change of the subscripts for the molecular masses. Here the functions n‘V>* 
are the reduced Chapman-Cowling collision integrals and the functions A*, B* 
and C* are ratios of and have been tabulated by Hirschfelder, Curtiss 

and Bird (1954) as a function of the reduced temperature. Second and higher 
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approximations are conveniently left in the determinant form of Eq. (1) for com- 

putational i^urposos. 

For the case of heavy isotopes where the reduced mass, ^1— is small, 

Mi-i-Mg 

Eq. (1) can be expanded in the powers of the re4uced mass. Retaining terms 
only up to the first power ol the reduced mass, on^ obtains; 


[“rim 



Mj-M^ 


)• 


f 


... ( 3 ) 







■2A*(16A*—l2B*-i 


... (4) 


Expressions for m equal to 2 and 3 are rather kaigtl^ and will not be repeated here. 

Eq. (2) trajisforms into the following form for the ease of heavy isotopes 
when one retains terms up to the seeojul power of the reduced mass, M, 
(Chapman, 1941); 


laoli' - KJifI - YM(X, - 21,,)], 


( 6 ) 


whore 


^ 3(5 — _.4*) _ 2(12B* + 5) 

^ 2(5 + 2.4*) (16/1* - 12R* -! 55) * 


It is interesting to note i hat [oco]', is now dependent on the relative proportions of 
the two isotopes unlike Eq, (4). 


Kihara (1949) developed an altoriiative st-henie to expand these infinite 
determinants into convergent infinite series. This procedure is mathematically 
less straightforward than that of Chapman- Cowling but it has a more physical 
basis and gives simpler expressions at least in the earlier approximations. Recently, 
Mason {1957a)ha8 elaborated and extended this procedure and has given the 
expression up to the second approximation for the thermal diffusion factor. The 
general formula for the wi-th approximation to the thermal diffusion factor on 
Kihara scheme remains the same as given by Eq. (1) except that now aij have 
different meaning. The first approximation [ajrjx is again given by Eq. (2) except 
that the Q's are now defined as follows: 



2 


2M^ 



JIfi* + 3Mf + 1 MiM^A * I j , 
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... ( 6 ) 


and 

Using the extended Kihara s(!heine. Mason (19.57a) gave the following formula for 
tho second approximation to a^.: 

--- Laj.]i(l + K\) + Z/, — ... (7) 


where 


and 


— hji^ -h , 


... (8) 


+ ^>iK - KK + A-fiAs) 

- v/l f X 

2^2 ' ZHA ^ / 


111 E(p (7), is given by Eq. (2) and the various hj^ arc similar to those given 
by Mason (1957a) except that the subscripts characterising the molecular species 
are all the same. 

For the case heavy isotopes, can again be put in the form of Eq. (3), 
where [ao'Ji is now given by the following simpler form: 


K'li 


1 5(66’* -5) 
16Z* 


( 10 ) 


Tho second approximation la ^']2 (;an be written in the following form: 

ra„'i2 - rot„ii(i + AV). ... (11) 

Here is given by the Eq. (4) and Kq is a correction factor given by Mason 
(1957a). 

Using Kihara's scheme for approximating transport coefficients, we have 
worked out the following first approximation to the thermal diffusion factor for 
a mixture of heavy isotopes in which terms containing upto the second power 
of the reduced mass have been retained: 


K']/ = [«'o]i { 1 - Af(z,-3r2)} . ... (12) 

This formula is slightly sil^ple^ than the one given by Eq. (6) and as shown in the 
next section, is very useful for the accurate evaluation of of isotopic mixtures 
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where M is not quite small. Such isotopic mixtures are the mixtures of helium 
and hydrogen isotopes. 

3. CALCULATION OF THE THERMAL DIFFUSION 
LFACTOR FOR HELIUM 

Betailod calculations for the thermal diffusion factor of helium have been 
performed on both the approximation schemes, accor^ng to the various formulae 
discussed in the previous section. The results of th|s calculation are tabulated 
in Table I and refer to the following L— J(12— 6) law!|For intermolecular force; 


«M-4«[(;)“-(;)‘].| (13) 

Here E{r) is the potential energy of the two moleoi^s at a separation distance 
r and cr is the molecular separation for which the interaction energy is zero, e 
is the value of the maximum negative potential en^gy. The various collision 
integrals required for these calculations are tabulated by Hirschfelder, Curtiss 
and Bird (1954).* In those calculations of Table I where the system has been 
treated as a binary mixture of He^ and He^, we have chosen arbitrarily the con- 
centration of He^ as 5%, a value close to the one used in the work of Moran and 
Watson (1958). Further, these calculations were performed on a desk calculator 
and have been subjected to only spot-checking. 

TABLE I 

Calculated values of the isotopic thermal diffusion factor for Helium 


Chapman-Cowling approximation 

scheme 

T* 

[aj-]!™*' 

[aj-].”'' 


[ayjgww; 

6 

0.0671 

0.0695 

0.0677 

0.0690 

7 

0.0724 

0.0761 

0.0732 

0.0747 

0 

0.0744 

0.0788 

0.0753 

0.0760 

20 

0.0767 

0.0794 

0.0774 

0.0803 

40 

0.0768 

0.0794 

0.0774 

0.0801 

60 

0.0764 

0.0791 

0.0771 

0.0799 

80 

0.0763 

0.0789 

0.0769 

0.0796 

100 

0.0761 

0.0767 

0.0767 

0.0794 

200 

0.767 

0.0781 

0.0762 

0.0784 


Kihara approximation scheme 

[aji'Ji'**" [«ir ']«*"** [o't'Jh**” 

0.0702 0.0718 0.0707 0.0694 0.0716 

0.0742 0.0769 0.0747 0.0766 0.0779 

0.0779 0.0797 0.0786 0.0778 0.0803 

0.0802 0.0820 0.0808 0.0809 0.0832 

0.0802 0.0820 0.0808 0.0808 0.0832 

0.0799 0.0816 0.0806 0.0804 0.0827 

0.0797 0.0814 0.0803 0.0806 0.0826 

0.0796 0.0812 0.0800 0.0800 0.0829 

0.0790 0.0806 0.0796 0.0797 — 


•It may bo pointed out that there is a misprint in the value of the oollision Intog al 
qU^D* for T* = 100. It should read as 0.6170 instead 0.6130. 
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In columns 2, 3, 4 and 5 of Table I are recorded the values of* the different 
approximations to ol^ as a function of the reduced temperature (T* = kTje) 
according to Chapman- Cowling scheme; while the ijolumns 6, 7, 8, 9 and 10 report 
the results on Kihara scheme. Values of listed in columns 2 and 3 of Table 
I have been obtained acjcording to the Eqs. (2) and (4) respectively. The two sets 
of values differ appreciably and reveal the fact that for Helium, terms involving 
only first power of the reduced mass are not enough ; a result previously pointed 
out by Winter (1950). It is, therefore, interesting to consider terms involving 
still higher powers of M. Chapman (1941) derived an expression, Eq. (6), which 
takes into a(;coiiJit the terms upto the second i)owev of M. Calculated values 
according to this formula are given in column 4 of Table I. It will be seen that 
these values are appreciably different (cs 2.4%) from but are in good 

agreement with the values (i=r0.9%). Values of computed according 

to Eq. (1) with m -- 2 are shown in column 5. These values are approximately 
4% higher than the values, establishing thereby that the convergence 

of the series is fast enough and the error involved, because of the neglect of the 
third and higher approximations, is small. This inference is very welcoming in 
view of the fact that the higher approximations will involve evaluation of seven 
and higher order determinants and can be safely avoided till we considerably 
improve the precision and accuracy of the measurements. It is also very inter- 
esting to note that values arc in better agreement with the 

values than the values. The authors therefore feel that the simple 

formula for as given by Eq. (5) is preferable to th(‘ complicated form of 
Eq. (2) and stilt more cornpli- rated form as given by Eq. (1). 

Results obtained using similar approximations, but on Kihara scheme are 
listed in coluiims 6, 7, 8 and 9, and arc seen to follow the samo qualitative trend. 
In column 10 are tabulated for comparison the results obtained from a formula 
which considcT’s terms upto the second approximation but retains only the first 
power of reduced mass, Saxena and Mason (1958). These values of are 

systematically higher than the values. As the convergence for the Kihara 

approximation scheme is still faster than tliat of Chapman- Cowling, we are of the 
opinion that the neglect of the second power of the reduced mass is much more 
serious. A critical examination of all the values obtained on Kihara approxi- 
mation schenie again leads to the same conclusion that the values obtained by 
using the simpler formula, Eq. (12), which considers terms upto the second power 
of reduced mass, is preferable to the rest of all, both for accuracy and simplicity. 

A critical examination of the various approximations for on the two approxi- 
mation schemes for realistic intermoJecular potentials and for a few mathematically 
simple systems, was done by Mason (1957a and 1957b). Mason (1957b) considered 
three t 3 rpes of mixtures viz. (1) Lorentzian, (2) Quasi-Lorentzian and (3) Heavy 
isotopic mixtures* Unfortunately our system is not identical to any of these 
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but resembles to (3) in as much as all the interactions are identical but the two 
masses differ considerably. Our numerical calculations of Table I reveal that 
Kihara approximation scheme is preferable to Chapman-Cowling and is in con- 
formity with the conclusions of Mason (19.57b) for mixtures of heavy isotopes. 

4. CONCLUSIONS 

Our numerical calculations for of helium is^opes establish that Kihara 
approximation procedure is better than that of Ch^man and Cowling. With 
He® present in trace, a simple formula derived, troal|ng the mixture of He® and 
He* as a heavy isotopic mixture but retaming terms t|i>to the second power of the 
reduced mass, will yield results within the range a| experimental error. This 
formula is also preferable in view' of comparative sii^plicity and accuracy. 
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X-RAY THERMAL DIFFUSE SCATTERING IN A2ELAIC 
AND PIMELIC ACIDS* 
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Dbpaktambnto de Ckistaloobafia. C.S.l.C. Madrid 
{Received^ November 9, 1960) 

Plate II 

ABSTRACT. Thermal diffuse scafctt'ring of azelaio and pimelic acids is studied by 
X-ray diffraation luethods and compared with the observed diffuse scattering in other dycar- 
boxilic acids. The interpretation of such diffuse acattering is done both by considering 
the propagation of thermal elastic waves accordingly with the ciystal structure and by 
iising the differences Fourier transform approach which gives account of the extended conti- 
nuous regions of diffuse scattering. Also, the dynamic symmetry of the crystals is studied 
as deduced from the consideration of the observed diffuse scuttoring. 

The study of X-ray thermal diffuse scattt‘riug is interesting because it gives 
the unique insight of the dynamics of the crystal. The ti eatmont of this problem 
is complicated and the thermal wave theory is perhaps the best approach to the 
question in simple (ionic) crystals. In molecular crystals, Iiowcvct, where there 
is evidently a far complicated atomic patteni, the problem can be reduced greatly 
by considering the fact that the molecules can be treated as rigid bodies and 
therefore most of its dynamical picture is given by the movement of big structural 
units, the molecules, A long term })rogramme of research was developed in the 
Departameuto de Cristalografia, Madrid, with the aim of elucidating the status 
of the molecular crystals. Many types of such crystals were studied (hexamine 
Canut and Amords, 1958), peutaerytlTritol (Alonso et aL, 1958), naphthalene 
(Acha et r/Z., 1958), anthracene (Annaka and Amords, 1950, etc.) and a general 
theory was given to explain the continuous thermal diffuse scattering discovered 
in such crystals (Amords et ah, 1960). It is therefore of interest to check the 
theoiy in another group of molecular crystals for which no previous computations 
were made. The group of molecular substances chosen is that of the dicarboxylic 
acids with odd number of carbon atoms. 

The interest of the present research lies in the fact that the dicarboxylic 
acids with even number of, carbon atoms have already been studied (Canut and 

♦This research was in part supported by the Directorate of Solid-State Sciences, 
Air Force Office of Scientific Research, through the European Office of Air Research and 
Development Commwul, under Contract AF 61(062)— 193. 
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Amonis, 1967) and therefore a direct compariaon of the two groups can eadly be 

done and thereby a general picture of the lattice dynamics of long . chain com- 
pounds can be drawn. 


ANTECEDENTS 

The structure of pimeUc acid COOH.(CH,),-<|OOH has been determined 
by MacOillavry and his coworkers (1948), The crysfal belongs to the monoolinio 
system and space group I 2/o and contains four molboules per unit cell. 

The unit cell dimensions are : I 

a = 9.84A, b = 4.89 A, c = 22.43A aip ^ = 130° 46' 

The crystal structure of azelaic acid COOHicH|),-COOH has not been 
determined as yet. According to Gaspari (1928)1 the crystal belongs to the 
monoclinic system and contains four molecules per init ceil. 

The unit cell dimensions are : 

a = 9.72A, 6=4.83A, c = 27.14A a|d ^=129'‘30' 

The space group of azelaic acid has not been determined, but a careful ob- 
servation of the distribution of the diffuse scattering of azelaic acid studied in 
the present work reveals that the distribution of the diffuse maxima obeys the 
same extinction condition as those of pimelic acid, i.e., h+k+l = even. Therefore, 
the space group of azelaic acid should be the same as that of pimelic acid, i.e., 
I 2/a, and the crystal structures of the two acids should also be the same, except 
for the difference in length of the molecules. 

While obtaining azelaic acid crystals at room temperature from a slightly 
warm acetone solution, we happened to obtain azelaic acid crystals of another 
modification stable at room temperature. Much earlier Caspari (1929) obtained 
a high temperature modification of azelaic acid by slowly cooling down a hot 
solution of the acid. 

Later, Dupr6 La Tour (1935) obtained this modification by slowly cooling 
down the azelaic acid melt. 

The lattice constants of the modification that we have obtained along with 
those of the modification obtained by Caspari are given below: 

a b c fi 

Azelaic acid (II) 5.69 A 9.57 A 27.78 A 136^39' 

a-azelaio acid (9) 5.61 A 9.68 A 25.35 A 136®10' 

BXPEBIMBNTAL MBTHOD 

Sii%le crystals were obtained from an acetone solution. The crjrstal used 
in the experiment had the dimensions of about 1.6 x 1.0 X 1.0 mm^. It was 
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Fig. 1. Laue photograph. Azclaic acid. Vcrlical axis [0101. 
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in three dimensioiis. The sheets passing through the reciprocal lattice planes 
with I = 10, 22 and 32 are the most prominent ones. These sheets are con* 
fined within a zone of 90° about the chain direction extending 45® on either 
side of it. 

COMPARISON BETWEEN THERMAL DIFFUSE 
SCATTERING OF AZELAIC AND 
PIMELIC A01D| 

The morphology of the thermal diffuse scatteriufe of pimelic acid has previously 
been studied by Canut and Ambrds (1957). Pig. shows the diffuse scattering 



Comparison of the diffuse scattering domains of azelaic acid in [010]^, level 
(Pig. ?) with that of pimelic acid (Fig. 6) reveals the fact these two acids, belonging 
to the odd series of dicarboxylic acids, give extremely similar diffuse scattering 
patterns. The only difference is that whereas in pimelic acid the strongest conti* 
nuous diffuse scattering domains appear extended along the reciprocal lattice 
tdanee having I ^ const « 6, 8, 10, etc., those of azelaic acid appearin the planes 
hairing I » const » 10, 18, 20, 22 and 32. 
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But this is only an apparent difference* In fact the spatial, distributipn pf 
these domains is the same in both the cases* The differenpes in the values; ^f 
I e^e due to the fact that the lattice constants of the two acids are different. i ... 

INTERPRETATION ^ * 

The interpretation of the diffuse scattering of pimpUc fnd.a,se]a|c,jicids will 
be done together in order to have a correlated idea about :thp dynamics of the 
odd-dycarboxylic acids, and to be able to ifelate the results of this series with 
those of the even-series already studied in this laboratory. 

PROPAGATION OP WAVES . , 

It is well known that thermal waves in the crystals affect the form and eic- 
tension of the diffuse scattering domains in the reciprocal space. This has been 
shown by Londsdale (1948) and others. 

The theory of crystal dynamics shows that the diffuse scattering domains 
always extend in the reciprocal g^ace in the direction of the propagation of the 
waves, either longitudinal or transverse. 



Fig. e. Scheme of the effect of Wave propagation in reciprocal space of a chahi-like crystM. 
, a) Transverse waves travelling at right angles to the plains. , 

b) Transverse waves travelling along the chains. 

c) liOngitudinal waves travelling at right angles to the chains. 

^ d) Total eifeot. 

Fig. 6 (iVmords and Canut, 1968) shows the effects of diffai;»6ht typea 
wave on the distribution of diffuse scattering in the reciprocal lattice* 'Tliua 
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(ftij shows the effect of the transverse waves propagating perpendicular to 
the chain direction which affect the relative chain^^chain positions but not those 
of the atoms within the chains, in the distribution of diffuse scattering iix the 
reciprocal lattice level [010](j. Pigs. 6 (b) and 6 (c) show the effects of transverse 
waves which propagate parallel to the chains affecting the relative positions of the 
atoms in the chains, and longitudinal waves whi^^i propagate perpendicular to 
the chains affecting the chain -chain interspace, resjictively in the same reciprocal 
lattice level. Pig. 6 (d) shows the combined eflfectlof the throe types of waves 
mentioned above, on the form of the diffu^. mattering domains in the said 
reciprocal lattice level. | 

The effect of the longitudinal waves in the Erection of the chain has not 
been, observed in either cases of the dicarboxylic i|cids studied. 

In the dicarboxylic acids the molecular chains ire parallel to [001] axis of the 
^tystal therefore, the streaks that we have ob8e]|^ed in the Laue photographs 
and are represented by the diffuse domains extend^! at right angles to the chain 
direction in the reciprocal lattice, are due to the Waves of the first kind, i.e., the 
transverse vibrations of the chains propagating in the direction perpendicular 
to them. This we suppose to be the most impotent movement in these acids. 
As this kind of movement does not affect the relative positions of the atoms within 
the chain it is not easily detectable by normal structural method. 

The second and the third kind of waves mentioned above determine the form 
of the diffuse domain around the reciprocal lattice point 200. This is the second 
feature of these crystals and is explicable with the help of the Pigs. 6(b) 
and !8(c). 

EXTENDED CONTINUOUS DOMAINS OF DIFFUSE 

SCATTERINQ 


iAs we have stated above, the effect of the transverse wave propagating 
perpendicular to the chain direction on the shape of the diffuse scattering domains 
is to make them elongated along the direction perpendicular to that of the chain. 
Fig. 6(a) schematically represents this effect. While this figure explains the 
presence of the continuous domains of diffuse scattering extended along the-rows 
of reciprocal lattice points having I = constant, it does not say anything about 
the extent of the elongation of these domains. On the other hand, the presence 
of ‘ continuous diffuse scattering regions has been observed in the- cases of hexa^ 
Mne, anthracene, pentaerythritol, naphthalene, etc, studied in this laboratory; 
whire the presence of the kind of transverse wave represwted by fig. 6(a) might 
not be very important. ^ 

Moreover this kind of- diffuse scattering is more clearly observed in a zone of 
90® about the chain direction extendizig 45® on either side of it and these diffuse 
domains extend even across the forbidden reciprocal lattice points. 
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Therefore in order to explain this kind of diffuse scattering we have under- 
taken the ‘‘difference Fourier transform’* (DFT) approach (Amords et al\ 1960) 
which assumes the presence of independent molecular vibrations in the crystaL 
The theory of this approach is given in the following paragraph. 

DIFFERENCE FOURIER TRANSFORM 
The Fourier transform of a molecule ^‘at rest” is given by 

N 

®xp {2ni Tn. /S), ... (1) 

n*l 

where is the atomic scattering factor without temperature correction. The 
effect of a harmonic movement in the molecule is the correction of the atomic 
scattering factor by the well known Debye factor, 

fexj^(-M). ... (2) 

The Fourier transform of a molecule under thermal agitation is given by 

Or = exp (—M) exp (2m r.. S). ... (3) 

ft»l 


Since the molecular Fourier transform is the scattered radiation of the mole- 
cule, the difference 


V (4) 

corresponds to the modification of the scattering space by the thermal motion of 
the molecule. 

Thermal diffuse scattering is due to the x-ray diffraction of crystals 
under thermal agitation. Therefore relation (4) can be a direct clue to the inter- 
pretation of such diffuse scattering. In order to compare directly the observed 
values of the thermal diffuse scattering (intensities) with the molecular-trcmsform 
functions, we must multiply Q by its complex conjugate (?♦. 

A general way to compute molecular Fourier transforms is to use 

0 = S /n exp 2ni (hx^^kyn^^lzn) ... (6) 

where A, t, I can be fractional numbers. The expression (6) corresponds to the . 
molecular structure factor at the point {fM) of reciprocal space. In the case of 
a unit cell with four molecules, the x-ray scattered intensity of the four independent 
molecules (neglecting phase relationship) will be given by 


... ( 6 ) 
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corresponding to the molecules at rest. When subject to thermal motion, the 
intensity of the four independent molecules will be given by 

- S 1-exp ( - 2J8 ) ... (7) 

and the effect of the independent motion of the 4 molecules will be given by 




Expression (8) is just the difference in scattered intensities of the four mole- 
cules at rest and at motion. This expression givesm a direct way thei effect ^in 
diffraction space of the independent molecular mition in crystals. It has, for 
simplicity, been named the “difference Fourier tr^sfonn” (DFT) of the mole- 
cules. § 


COMPUTATION OF THE MOLECULAR FOURIER TRANS- 
FORMS OF PIMELIC ACID 


For the computation of the molecular transform of pimeli(5 acid wo have 
utilised the atomic co-ordinates given by Mac-Gillavry and others (1948). 

Scattering amplitudes for the individual molecules are calculated and hence 
we have got the difference of the intensities of scattering 
individual molecules at rest and on vibration, by multiplying the squares of the 
scattering amplitudes by a factor 1— exp (— 2^ sin^^/A^), where B is the tem- 
perature factor. In our case of piraelic acid, owing to the unavailability of the 
value of B, we have used H ~ 2 A*. This value of B has been found to be that for 
succinic acid in the direction of the carbon chain. But as we are making the 
calculation of a limited zone of the reciprocal lattice about the direction of the 
(jhain, where the effect of the independent movement is more important, we 
have adopted this value of B (i.e. == 2) as an approximate one for pimelic acid. 

Because of the two-fold axis of symmetry of the molecules, scattering ampli- 
tude corresponding to h == 2n (where n is any integer), comprises of only A and 
those corresponding to h ^ 2n+ 1, of only B, where 

A It fn cos 2n(hx + % + 

n 

and B = fn sin 2n(hx ky + Iz) 

n 

Now, WO have to calculate the DFT for all the four 

molecules of the unit cell. 

3 
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But due to the symmetry of the crystal we have the following relations among 
the A’s and B’s of the different molecules of the cell : 

Bj^ = Ba — B3 =- B4 = 0 when h = 2u 
Ai ^ Ag A3 A4 0 when h ^ 2 n + 1 
Aj A3 when h ~ 2n and I ~ 2n 
Ai = — A3 wiion h ^ 2 n and I ~ 2n4 1 
A^ - A4 when h 2n and I — 2n 

A^ — --A4 when h — 2n and I — 2 n 4 -l (R) 

B^ B3 when h — 2n+l aiul / — 2n 

Bj ==r, - B3 w^hcii h = 2 n-|-J and I — 2 n+l 

B, ~ B4 w^hen h — 2 n 4 'l and I — 2 n 

Bi ^ - B4 when h ~ 2/i+l and I ^ 2^ + 1 

Thus wo see that the* absolute values of A’s and B’s for a particular rt^Hection 
are the same for all the four molecules of the unit cell. 



Fig. 7, Fimelic acid. Theoretical isodiffuaioB lines computed with DFT in the region where 
the offect of independent motion can be considered. 
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Fig, 8, Pimelic acid. [0]0]o. 

Upper part: Molecular Lower part: Molecular FTmot^ 

Now by definition, 

DPT - t (Irat-Ifnoth where j 1 , 2, 3, 4 

= X (Aj^ f {1 - exp (- 2B sin2<9/A2)} 

1 

where j in the number of molecule of the unit cell. 

So, in our case, applying the relations (H), we get 

iy¥T 

— exp {--2B sin^ ^/A^)} for h = 2n 

and = — - exp (—2B sin^ ^/A^)} for h = 2n+l 

The difference of intensity {Irest—^mot) calculated have then been plotted 
on the reciprocal lattice net and the lines of equal {Iregt —Imot) values of 20, 35, 70 
and 140 have been drawn. 

Pigs. 6 and 7 are the experimental diffuse scattering pattern and the corres- 
ponding DPT map, respectively. The strong continuous diffuse scattering domains 
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A, B, C and D as also the comparatively weaker ones E and F in Pig. are repre- 
sented by strong A, B, C, D, and weak E and F of Fig. 7. 

The agreement between the experimental and theoretical patterns (Pigs. 
5 and 7) amply justifies the validity of the DPT approach of interpreting the 
observed distribution of the extended continuous diffuse scattering and their 
origin. Fig. 8 shows the molecular Fourier transform maps of the molecules at 
rest and on motion. Comparison of the Pig. 8 with Fig. 7 shows the superiority 
of the DPT approach over that of molecular Fourier transform as expected 
theoretically. 

THERMAL MOTION AND CRYSTAL SYMMETRY 

We have observed in our present work as also in the previous work in this 
laboratory that the streaks which appear in the Laue photographs do not always 
follow the space group extinctions; in the sense that they extend even across the 
forbidden points of the reciprocal lattice. 

This we explain to be due to the fatjt that the space group symmetry at 
some instantaneous positions of the molecules of the crystal undergoing thermal 
vibration (dynamic? space group) is different from that of the crystal considered at 
resi- (static space group) (Amords and Canut, 1960). 

Normal methods of structure analysis determine only the static space group. 
This procedure cannot detect the existence of the dynamic space group because 
of the fact that the instantaneous change of symmetry due to thermal motion 
does not change the positions of the Bragg reflections which depend only on the 
average central positions of the atoms. The thermal motion has got no effect 
on the Bragg reflections other than diminishing their intensities. Thus, this 
change of symmetry duo to thermal vibrations cannot be detected by normal 
Fourier methods of Structure analysis. 

Fig. 9 shows one complete unit cell containing the molecules in their respective 
positions and another containing the elements of symmetry corresponding to the 
space group 12 /a of the azelaic acid crystal. 

The antiphase vibration represented by the arrow (1) is that due to a transverse 
wave propagating along the normal to the chain direction. Due to this kind of 
vibration of the glide plane a, the two fold axes in the centres of the molecules 
and the centres of symmetry within the hydrogen bonds vanish, giving the space 
group P2i/n to the crystal at some instantaneous state of the molecules under- 
going vibrations. 

The symmetry elements that vanish as a result of the vibration represented 
by the arrow (1) in the Fig. 9 also vanish as a result of that represented by the 
arrow (8). Therefore, the space group (dynamic) due to the latter kind of vibra- 
tion is also 
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The arrow (2) represents the antiphase libration of the chains about the axes 
along their direction. The screw axes lying in between the chains vanish at some 
instantaneous state of the molecules undergoing libration giving the space group 
(dynamic) to the crystal. 

The systematic extinctions in [010]o levelowing to n are the same as those 
for I and, therefore, the extinction condition |+Z = even, in the [010]o level 
is maintained. i 



Pig. 9. Pimelic acid. Projection of the structure on (010). 


COMPAKISON BETWEEN THERMAL DIFFUSE SCATTER- 
ING OF THE DICARBOXYLIC ACIDS OF EVEN AND 

ODD SERIES 

The difference between the distributions of the diffuse scattering zones in 
the reciprocal lattice of the acids belonging to the two series is not very great. 
The general features of these distributions are essentially the same. In the case 
of the acids belonging to the even series the extended continuous zones of diffuse 
scattering appear as well defined, even by spaced sheets perpendicular to the chain 
direction ^in the reciprocal space. The spacing of these sheets is reciprocal to 
2 . 5 A. This distance 2.5A corresponds to the zig-zag distance of the carbon atoms 
of the molecular chain and the length of the hydrogen bond binding the molecules 
of the same chain. That means the periodicity in the distribution of the conti- 
nuous diffuse zones along the direction of the chain in the reciprocal space shows 
a well marked reciprocal relation to that of the chains. This reciprocal relation 
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is also clearly exhibited by the DFT maps of the acids of the even series (Amords 
and Canut, 1958 ). 

But it is less clearly exhibited by the distribution of the continuous diffuse 
zones and their DFT representations of the acids of the odd series. A probable 
reason of the observed difference between the distributions of the continuous 
diffuse zones of the acids belonging to the two series is that in the case of the even 
series acids the chains arc well defined but those in the case of the odd series are 
distorted. In the case of oven series the carbon atoms of a chain are coplanar 
and the long axes of the molecules in the same chain arc colinear whereas in the 
case of odd series neither the carbon atoms are coplanar nor the molecular axes 
are colinear. 
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ABSTRACT. The gamma-ray background of cicutia as determined by scintillation 
spectrometry using a Nal (thallium activated) crystalionsists of two broad energy bands 
being contributed by the radioactive substances present |ri the soil, air and building materials 
and identified as those from the radium and thorium fanply* The background so determined 
indicates that there are two possible regions of low level oiimting which is achieved by choosing 
an optimum channel level and channel width. The varmtion in intensity of the background 
is restricted mostly to lower energy region of the background spectrum and is under further 
investigation, ' 

INTRODUCTION 

III low level counting uning scintillation cotniters the backgrouml (jount Is 
always a limiting factor. On the other hand in certain low level counting, as 
in bio-medical tracer tecduiique different authorities, (Johnston, 11)65; Anderson 
and Libby, 1967) Medical Research Council (Report 1956) have stressed the need 
of low doses of radioactive tracers in diagnostic and investigative works. Pos- 
sibly it is safe to use a dose which is of the order of the natural background in its 
activity. Furthermore, in in vim measurements during bio-medieal tracer works, 
an effective shielding against the background is often not possible. Thus, in all 
the above cases an attempt at low' level scintillation counting must essentially 
be preceded by a survey of the nature of the background at the particular place. 
This means the determining of the energy distribution in tiie background spectrum, 
the position of its main jieaks, if any , and their relative intensities. As the gam rna- 
emitters usually used in low level counting as in bio-me4ieal work, like I (131), 
Fe (55), Cr(61), Au(198) etc., have characteristic energies below 700 KeV it is 
of interest to analyse spectrornctrically the region below this. 

Recently, many excellent review works on low level counting have been 
published (Hayes, Anderson and Laugham, 1955; Anderson and Hayes, 1966). 
But hardly any attempt has been made in this country towards a spectrometric 
study of the background of the place before undertaking such studies. In this 
laboratory, this spectrometric work has been carried on for the last one year. In 
the following paper it is desired to report the results of the one-year investigation 

77 
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on the subject, the variations observed and the possible importance of the results 
obtained in low-level counting, for instance, in bio-medical tracer technique. 

METHODS AND MATERIALS 

The studies on the radioactive background of Calcutta were carried out with 
the help of RIDL Scientillation Spectrometer consisting of a Scaler model 
no. 16D, B-162; Ratemeter/Electronic Sweep Meter t 5 rpe 114-B, serial B-79; 
and Scintillation counter No. 43A with interchangeable Nal (thallium activated) 
crystal of thickness. The gamma energy distribution was determined under 
the following conditions: crystal used = Nal Y thick; counter voltage ^ 700 
volts; period of sweep — J hour; ratemeter scale multiplying factor — 0.5; channel 
width == 2.0; percentage standard deviation 10%. A full automatic sweep 
(without any attenuation) was taken in every case in differential position from 
100—0 channel volts, the reset level heliopot being kept at ‘O’. The graphic 
record was made with the help of a Honeywell Brown Kleetronik Reciorder 
automatically. 

At the above setting of the instrument, graphic records of the background 
spectrum was taken throughout the whole year. At the same time, keeping the 
same instrument settings, scans of I (131) and Or (51) spectrum were made and 
their peaks, 364 KeV and 330 KeV respectively were used to calibrate the back- 
ground spectrum so obtained. 

In order to eliminate possible influence of circuit oscillations in the discri- 
minator or elsewhere, and also of photomultiplier noise on the background spectrum, 
the crystal of the counter was removed from the top of photomultiplier tube and 
the rest of the counter (consisting of photomultiplier tube, cathode follower, 
etc.) was wrapped light-tight completely in black paper and a full scan from 
100—0 channel level volts was taken keeping the settings of the spec; trome ter as 
before. 

To study the effect of shielding of the counter on the background spectrum, 
the counter was inserted in a lead castle with walls thick and a full scan from 
100-0 channel level volts was made under same instrumental settings. Observa- 
tions were also made on the variation in background spectra with the changes in 
atmospheric conditions. Thus an attempt was made to note the variation of 
intensity below 75 KeV at different times of the day at two hours interval. 

After calibration, the energies corresponding to the different peaks in the 
average spectra obtained were found to tally with those of radium and thorium 
emanations. To examine this fully the spectra of the important naturally 
occurring isotopes, viz., Ra (226) in the form of needle and Th (230) as crystal 
sample were recorded in the same graph containing the background spectrum 
under same instrumental settings. An attempt was made to trace the sources 
contributing to the background and the following materials were analysed: (1) 



Investigations into the Low Energy Oamma Ray^ etc. 79 

sand from Mogra, (usually used for the building materials here), (2) the silt from 
the banks of the Gauges, (3) soil samples from the northern and southern parts 
of the city and (4) the soil from around the building housing the spectrometer. 
To examine these, a lead chamber having 1 cu. ft. (approximately) of internal 
volume was constructed with walls thick. A background tracing with only 
the counter inside was taken initially and then c^ch of the above samples was 
packed in the space with the counter places! in l||ie middle. Care was taken to 
preserve the relative geometry of the counter withirespect to the surroundings the 
same in every case. | 


RESULTS I 

The background spectrum consists of two l^oad energy bands. One su(»h 
graph is given in Fig. 1. The whole energy spcctrim extends from 50 to 275 KeV 
(Table I). On removing the crystal, a graph ww obtained as shown in Fig, 2. 
This therefore gives the contribution due to eirciiit oscillations and phok>multi- 
plfer noise. Comparing Figs. I and 2 one can ca^y recognise the resultant back- 
ground intensities in this low energy region. Sileldijig of the counter w ith leaf! 
1 thick cuts off completely the btoader highei energy hand and attenuates the 
lower energy region tc- about J of its unshielded value (Fig. 3). tVom Fig. 4, where 
the Ra (226) and Th (230) graphs arc superposed on the background, one finds 
that the energy peaks corresponding to values round about 230— 270 KeV and 
105 — 120 Kev could be associated with the gamma-rayH of Ha (226) and Th (230). 
These elements have been traced in the sand of the building materials and the soil 
of the city (Figs. 5-9; Table 11). From these figures the relative coiitiibutions 
of the sand or of the soil may be clearly seen. Scanning for whole day a I two 
hours intervals showed a variation in the intensity under 55 KeV. The maximum 
increase of the intensity in this region occurred round about afternoon. Attempts 
have also been made to indicate this variation together with that of atmospheric 
temperature and humidity as obtained from the Meteorological office, Alipore. 

TABLK 1 

Results of the gamma ray spectrometrie analysis of the background of 

Calcutta ‘ 



Energy range 
in KeV 

Peak values 
inKeV 

Maximum 

intensity 

range 

Natural radio- 
active isotope 
with same 
energy range 

Higher energy 
band 

27<!^105 

♦ 

276, 246, 230, 
186, 176, 170, 
160, 135, 126, 
106. 

160-136 

Radium and 
Thorium famib 


4 
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TABLE II 


Samples 

Gamma ray 
energy range 
in KeV 

Maximum 
intensity 
range 
in KeV 

Sand 

(from Mogra) 

215-60 

130-126 

Soil 

(from the Ganges) 

170-50 

146-126 

Soil 

(from Lake area) 

266-60 

140-126 

Soil 

(from Science College 
compound) 

175-60 

140-130 

Soil 

(from S.S.K.M. 
Hospital compound) 

220-60 

135-126 



Fig, 1. Shows the radiation background of Calcutta. The scanning was done with 
the help of HIDL siuntillatioii spectrometer from right to left. The energy of the gamma 
rays e^ttends from 276-50 KeV. 



Fig, 2. Shows the contribution due to circuit oscillation and |diotoxnultipliar noise. 
This was taken with the crystal (Kal — thallium activated) removed. 
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Fig, 4. Shows the 8uperim})Osition of the tracings due to Ra (226) and TJi (230) on the 
background tracing. Note that the energy peaks of the backgro\ind could he asROciated with 
the gamma rays of radium and thorium family. 



Pig. 5. Shows the gamma ray contribution of soil, collected from lake area (S<ui» 
Calcutta), to the background of the place. The gamma ray energy range due to this exterKj> 
from 265-50 KeV. 
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Fife. 6. Shows the Ramma ray oontrihution of soil, collocted from Science College 
oom^^jound, t-o the bac?kj?round of the place. The gamma ray energy range due to 
this oxtendR from 1 75-50 KeV. 


f: m 



Fig. 7. Shows the gamma ray contribution of sand, collected from Mogra, to the back- 
ground of the jilace. The gamma ray energy range due to this extends from 215-50 KeV. 



Fig. a. Shows the gamma ray contribution of soil, collected from the Ganges, to the 
background o( the place. The gamma ray energy range due to this extends from 170-M KW, 
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Fig. 9. Shows the gamma ray contribution of soi 'ollect<?d from the S.S.K.M Hospital 
compound, to the background of the place. The gdmm|| ray energy range due to this extends 
from 220-50 KeV. 



Fig. 10. Shows the superimposition of the three gamma ray spectra due to the back- 
ground (— — ), radio-iodine (1-131, — . — ) and radio-chromium (Cr-51, ). H 

shows that 50% of the count <lii6 to the two isotO|>es for a particular sample lie fibove the 
highest energy limits of the background. 



Fig. 11. Shows the background scan carried out at Eindhoven, Holland, with the help 
of Philips Scintillation Spectrometer. Note the important peaks round about 90 and 220 
KeV with possible peaks at 50 and 29 KeV, 
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Scamiing with samples of I (131) and Cr (&1) showed that nearly 50% of the 
counts resulting from particular sample were above the highest energy limits of 
the background (Fig. 10). This, more or Jess, was experienced with the other 
isotopes mentioned above except Fe (65) in which case the radiations were found 
to be concentrated in the region 90-106 KeV. 

A similar background scan was carried out at Eindhoven, Holland, by one of 
the authors with the help of Philips scintillation spectrometer. The graph 
thus obtained has important peaks round about 90 and 220 KeV with possible 
peaks at 28 and 50 KeV, and is similar to the ones obtained here. The intensity 
of the energy round about 80 to 90 KeV was greatest. The energies in the spectrum 
would correspond to those found in the members of the uranium and radium 
family (Fig, 11), 


DISCUSSION 

The background of Calcutta consists of 2 broad energy bands being con- 
tributed by the radioactive substances present in the soil, air and the building 
materials. The radioactive elements present are those of the Radium and 
Thorium family. 

From the background spectra obtained it is evident that most of the 
background counts are concentrated in 2 regions — the first between 260 
to 135 KeV after which on both sides the counts fall off raj)idly and the second 
region is found to be below 65 KeV. Therefore, in low’^ level counting as with the 
isotopes for bio-medical tracer work it is necessary only to adjust the channel 
level of the pulse-height analyser in such a way as to eliminate these regions. The 
background counts automatically will then fall off without going into the problem 
of shielding. The best procedure would be to sot the channel level potentiometer 
to a value which corresponds to energies higher than 270 KeV and then expanding 
the channel window to include the characteristic peak of the isotope being used 
within the channel window which lies above 275 KeV. The window width prefer- 
ably should be greater than 2W where ‘W’ is the recorded half width of the photo- 
peak of the isotope used. In the case of Fe (56) the window should be adjusted 
near about the trough found between the higher and lower energy bands, i.e., 
between 65 and 106 KeV. Hence there are 2 regions of low level counting — one 
above 270 KeV and the other in trough between the higher and lower energy 
band, i.e, between 60—106 KeV. Thyroid uptake measurements with low doses 
using the above procedure yielded more reproducible results* 

The effect of shielding on the 2 energy bands of the background may at 
first sight seem to be anomalous as because the lower energy region is expected to be* 
out off more easily than the higher energy rays on shielding. Possibly, low energy 
secondary radiations produced by cpsmic rays in the material of the shield is 
responsible for this. 
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Th© reason for the variation in the intensity of the low energy region as obtained 
during certain period of the day cannot be explained satisfactorily right now 
without further investigation. According to Wait (1937) there is some fluctuation 
in the gamma-ray content of the atmosphere with a maximum at about noon. 
This is in agreement with our observation. F||lPther, others (Wilkening, 1962) 
have reported the variation in the radon and tl|bron content of the atmosphere 
with the time of the day. The present investigition points out that this varia- 
tion in background is restricted mostly to low ^ergy region of the background 
spectrum. This is a subject matter of further |avestigation. 
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DETERMINATION OF UNLIKE INTERACTIONS FROM 
BINARY VISCOSITY 

I. B. SRIVASTAVA 

fNmAN Association itok the Cctltivation of Sctknok, CALCtTTTA-32 
[HecHweM, Decembpr 22, 1960) 

ABSTRACT.. Experiinont-!.! viscosity data for the binary gaseous inixtUTes He- A, 
Ne-A and Hq-CsHs have been utilised for determining the potential parameters for unlike 
pairs on the L-^T (12 6) model. Thri*e different methods have been employed, the first 
method being applicablo only 1*o mixtures exhibiting a maxima with reHjiect to variations 
in the oomposition. The other two methods can be used for all gas pairs for which accurate 
viscosity data are available in a wide temperaturt* range. The parameters thus obtained 
are tabulated along with thow? from other sources. 

1. 1 NTHODUOTION 

Intonnolecular potentials between like molecules have been determined 
with sufficient accuracy by the use of equilibrium and transport properties. For 
calculating transport properties of pure gases, the force constants used are 
those determined mainly from viscosity data. There is, however, considerable 
uncertainty in the values of the force parameters for unlike molecules as deter- 
mined from the experimental data of inter-diffusion and thermal diffusion, 
the properties utilised by many workers. This is due to the non-availability 
of accurate data over a large temperature range and in the case of thermal 
diffusion there is the additional complication that the higher approximation 
terms are not negligible. So for the theoretical calculations of the transport 
properties of mixtures, the force constants for unlike pairs are calculated by 
the help of some semi-empirical comlbination rules which are not rigorously 
true. It is therefore important to be able to derive the unlike interaction para- 
meters by Other methods. Recently, Hirschfolder, Taylor and Kihara (1960) 
have pointed out that the accurate measurements of viscosity of gaseous mix- 
tures as a function of both temperature and concentration can provide a good 
method of determining the unlike intermolecular forces. 

In the present work three different methods have been developed for the 
determination of the unlike force parameters, provided accurate experimental 
data are available. 


2. THEORY AND FORMULAE 

On the basis of the Chapman-Bnskog theory, the transport properties have 
been expressed in terms of a set of reduced collision integrals which depend 

W 
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on the law of molecular interaction and are tabulated by Hirnchfelder, Cur this 
and Bird (1954) for different potential forms. The Lenuard- Jones (12 : 6) 
potential is given by the relation 





(1) 


where ^(r) is the potential energy between two mc|eciiles separated by a distance 
r, cr is the value of r at 0(r) = 0 and e is the de|th of the potential well. 

The viscosity of a binary gas mixture approximation, is 
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Xi, Xq are the mole fractions, 7/2 the viscosities and Mi, are the mole- 


cular weights of components 1 and 2 respectively, //lo viscosity of a hypo- 

thetical gas given by 


j/igXlO’ 206*93- 




(3) 


3. DETERMINATION OF THE POTENTIAL 
PARAMETERS 

(a) Hirschfelder, et al, (1960) have obtained the relation for the maximum 
or minimum of the viscosity of binary gas mixtures, by differentiating K<{. (2) 
with respect to and equating to zero. The relation for the maxi- 

mum or minimum viscosity may be written in the form 
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where fi == (VilV 2 V^^ 

and fi,-=K(2R)~Hi-~a+f) 

with R - {M, 

a = 3/5 and P — (1 --a)^H-4ai?* 

Here for getting; maximum in the viscosity ji must lie between a»nd 

The maximum value of experimental viscosity is obtained from the graph 
of against for eaeli temperature. This is substituted in Eq. (4) along 
with the experimental values of r/j and and the equation solved for 
the values of fic temperatures 7\, be ific)v (A)^- Then using the sub- 

scripts 1 and 2 to denote the quaiitities at temperatures and we get from 
eqns. (5) and (6) 

{ftcMh - rr 
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and 





/ * \ Q22 ' [T*) 


(«) 


With the help of the Eqns. (7) and (H) and tlie tabulations of Hirschfelder 
et al. (1954), for the collision integrals and ^4,2*, the ratio {fic)il(fie)i is calculated 
for a number of arbitrarily chosen values of and a graph drawn for {Pe)il{fic)t 
versus eiJA:. The desired value of for the gas pair is then read from the 
graph corre8i)onding to the value of iP^xlUh)z determined from Eq. (4). The value 
of (r ,2 can be calculated easily with the help of Ecpis. (.5) and (tt) by using this 
value of ejk. 

In the j)resent work the force parameters for He-A and Hjj-CaHg interac- 
tion have been calculated by this method. For He-A, the recent data pf 
Rietveld, et al (1963) at temperatures 29M°K, 229‘r)^K and 192-6^K could be 
successfully combined to give three sets of and 0*12 values, the mean of 
which is recorded in Table I. Only one set of force constants of Hg-CaHg could 
be obtained as the data at only two temperatures €600°K and 550®K taken from 
Trautz and Kurz (1931) could be used successfully. 

This method can give accurate and consistent values for force constants, 
provided accurate experimental data are available even at two temperatures 
but it is applicable to only those binary gas mixtures which show maxima or 
minima in viscosity at some concentration. 
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(b) Method of Intersection : 

Tho graphical methods of intersection and Leniiard -Jones ti’anslation dis- 
cussed in detail by Srivastava and Srivasiava (1950) can be su(?cessfuUy used 
for obtaining the unlike force parameters on th0 L-J (12:6) potential from 
tho data on viscosity of gas mixtures. For this purpose Kq. (2) is solved for 



and 

C — - fni X 

Now by substituting the experimental values of r/^, and 
perature, i/ig obtained in terms of which is a temperature dependent func- 
tion and whose values are tabulated by Hirschfelder, H aL (11)€54). Then r /12 
is calculated for one temx)eratnre by substituting tho value of *4*j2 corresponding 
to any arbitrarily chosen value of e^^jk and by using this value the (iorros- 
ponding 0*12 value can be obtained from Eq. (3). In this way a set of GiJh and 
«ri 2 values are calculated at one temperature. The same process is repeated 
for getting sets of values of ^12 other temperatures. Graphs are 

then plotted for € 12 ! h against cr 12 at each temperature. The intersection point 
gives the required values of Cyjk and 0*12 for the gas pair. 

This method has been iitilised to determine the force parameters for the 
gas pairs He~A and Ne-A. There is usually some uncertainty in exactly locat- 
ing the intersection point when the experimental data are not very accurate. 
In view of the extensive data on mixture viscosities, however, this method can 
serve as a useful supplement to other methods for determining unlike force para- 
meters. 

(c) Translation Method : 

If experimental data are available in a large range of temperature, the 
translation method can be applied with the following device. From table, A^y 2 
is found to vary very slowly with and can therefore be taken to be constant 
over a very small range of T*, say, for a change of about 3%, It is thus possible 
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to ealcailate temperature with sufficient accuracy by using the value 

of e^^jk obtained from the combination rule, as the true value of is not likely 
to differ from the (combination rule values hy more than about 3%. Knowing 
A*i 2 in this manner, determined from Eq. (9) by utilising the experi- 

mental values of fjtnix^ Vi Vz' Thus knowing at different temperatures 
and using Eq. (3), the Lennard-Jones translation method can be applied for 
getting eyjk and (Tja* In case this value of is much different from the value 
previously selected from the combination rule, the process can be repeated by 
using this refined value of ejk. 

This method is used here for determining the force parameters for the gas 
pairs He~A and Ne-A. 


4. K J3 S U L T 8 

The force parameters determined by these methods are given in Table I 
along with those determined from other sources. 

TABLE 3 

Unlike Fotce Parameters on the Tu~J (Ifi : 6) model 
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36.97 

36.97 
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35.6 

33.8a 

37.916 


He-A 
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Ci^A 

2.96 

2.986 

3.028 

2.997 

2.99 

3.025 



e,s/fc°K 


69.0 

66.37 

66.6 

64. 6C 

67.6® 
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ffiaA 


2.943 

2.932 

3.104 

3.098 

3.079 
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e,3/k^K 

103.8 



98.25 
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cri2A 

4.019 


•• 

3.988 

•• 

•• 



(A) Kietveld and Itterboek (1953). 

(B) Traut^i and Binkele (1930), 

(C) TrauU and Ktirz (1931) 

(o) Srivastava and Srivastava (1959) 
(bj Saxena (1955) 

(o) 8rivastava (1959). 


5. DI SOUR 810 N 

It will be seen from the table that the three methods employed here give 
quite consistent values of the unlike force parameters which agree well with the 
values obtained from the combination rules. This shows clearly that the vis- 
cosity data on mixtures of gases can be employed to give quite reliable values 
for the unlike interaction parameters. Unfortunately the large amount of exist* 
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ing data on mixture viscosities had never been duectly utilised so far for calculat- 
ing the unlike force parameters. The present investigations show that this is 
quite feasible and desirable. 

The values of the unlike parameters obtained by others using thermal diffu- 
sion data show good agreement with the present determinations, but those 
obtained from inter-diffusion data exhibit noti^able discrepancies. It is worth 
nothing that in the evaluation of the unlike for(j|B parameters from inter-diffusion 
data, the force parameters for like interaction! were not utilised, while all the 
other methods cited here depend upon the acciracy of the force parameters for 
pure components also. | 
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A LOW PRESSURE EXPANSION CLOyO CHAMBER 

M. RAMA RAO 

Saha Institute of Nihi^eak Physics, Calcutta*9 
[Rtveived, December 17, 19(50) 

ABSTRACT. A f)i’os8U!*o (iofjij(‘d oxpaiiHion clotitl chamber has been constructed and 
operated satinfaetorily up to toial presmiros of 5 cm of Hg. The best track cenditiofAS for 
different total pressures as a function of the (‘xpansion ralio have been determined and dis- 
enssed using othyl, « 'butyl and iso-amyl ttlcohnls as coiuh'nsant vapour and arf^^on as ]ier- 
manent gas. T^hotographs of tracks taken at i) cm. of Hg with iso-amyl alccliol 

and argon mixture are f»res<mtcd. 


I . T N T K 0 HIT O T I O N 

A low pressure cloud cliarnber finds special applications in the study of 
uranium fission and of other low etiergy interactions of heavy charged particles 
with matter. Whore the ranges of the observed tra(*k lengths in a gas at atmos- 
pheric pressure in such interactions are so short that the track lengths are not 
measurable, advantage of the fact that lowering of pressure of the gas-vapour 
mixture in the active volume of the chamber ‘'magnifies’' the ranges of the parti- 
cles has been utilised to gel greater details of the interaction. Thus, Joliot 
(1934) has operated a low pressure cloud chamber in order to study the mechanism 
by which heavy ions, resulting from radioactive decay, lose their energy, ll. G. 
Mills (1953) has used a mechanical expansion mechanism to actuate a low 
pressure cloud chamber and operated at pressures of 4.5 cm in the investigation 
of the stopping power of He and water vapour. 

Operation of a cloud chamber at low pressuies involves additional difficulties 
which are not in common with cloud chambers generally used over a wide range 
of pressures. Lowering of the initial pressure is achieved by reducing the partial 
pressure of the permanent gas. The gamma coefficient of the vapour^gas mix- 
ture becomes smaller and in order to obtain the necessary supersatutation for 
condensation of the vapour on ions higher expansion ratios are needed. At 
the same time lowering of the partial pressures of the permanent gas restricts 
the uniform diffusion of the condensing vapour on growing drops. This effect 
becomes important in the low^ pressure region as the vapour-gas mixture has 
a low heat capacity. The low^ heat capacity and the large temperature- variations 
involved for obtaining the necessary supersaturation result in an intensive and 
fast heat exchange between the filling mixture and the chamber walls leading 

92 
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to tho lowering of the supersaturation and a consequent shortening of the sensitive 
time. For this reason a fast expansion incchanism is of extreme importance 
in the operation of a low pressure cloiid chamber. 

The higher expansion ratios needed t^) work the cloud chamber at low pres- 
sures as mentioned earlier introduces the undesirable effects of turbulence motion 
of the gas molecules within the chamber, thei^by* resulting in the distortions 
of the tracks. This situation can be avoided |>y a suitable choice of the gas- 
vapour mixture such that good quality of trails can be obtained for a givoii 
pressure with a relatively smaller and conviniently reproducible expansion 
ratio. Further the choice of the gas-vapour mixture has a vital role to play 
with reference to the particular mode of operafion in which we are interested. 
In all randomly operated cloud c^hambers oipraling at low' as well as high 
pressures, water vax)our or some form of alcohtrf. is used as a condensant vapour, 
together with a iion-condensiblc gas like air or igon. Since the cloud chamber 
is intended to be triggered by an internal comtev controlled mocdiauism such 
that the desired events can be selected and p|iotogra])hed by suitably running 
an open counter in the proportional region (liodson et aL, 1950), a selective 
choice of the gas-va]>our mixture has to be made so as to make a compromise 
betw^een obtaining good tracks and at the same time operating the counter within 
for the same gas- vapour tillino;. In r^ounter operation the production of gas 
multiplication depeJids on the electrons remaining freely mobile ami elo(d.ron 
attachment minst b(^ avoided. For tliis reason oxygen and water vax>onr have 
beeii excluded and our choice has been iiarrow^ed down to the study of several 
alcohols as condonsants and argon, as the non- condensible gas. 

This })aper describes the constructional details of a pressure defined expan- 
sion cloud chamber. Results of an investigation on the adccpiate choice of the 
gas-vapour mixture for obtaining best trp.ck conditions at different initial total 
X)ressurs in relation to the expansion ratios am also presented. 

2. C O N S TK U C T J () N \ b DETAJbH OF THE CHAMBER 

The cloud chamber constructed is a x)ressure defined expansion chamber 
of the rubber diaphragm type and the assembly of the different components 
of the apparatus is shown in Fig. 1. 

The front chamber which constitutes the active volume of the chamber is 
made of a perspex cylinder 10 im^hes i.d. and 2 inches in height, the wall thick- 
ness being 1/4 inch. A circular glass plate 1/2 inch thicK covering the top of 
the perspex cylinder forms the window' of the main chamber w'hich faces the 
camera mounted vertically upwards for taking stereoscopic iiictures. A thin 
rubber diaphragm 1/32 inch thick isolates the main chamber volume froni a 
pan-shaped back chamber made of (topper. The back (chamber is separated 
from the vacuum ballast having a volume approx. 10 litres by means of an expan- 
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sion valve which is normally closed under gravity. The expansion valve used 
is an Edwards 1 inch bore high vacuum magnetic isolation valve operated on 
200 volts D C. The connecting links between the chamber and the inlet of the 
expansion valve and that between outlet of the expansion valve and the ballast 
are copper pipes of short lengths 1 inch in diameter. The vacuum ballast is 
evacuated by means of a Cenco high vacuum pump and maintained roughly at 
10^* ram of Hg. which is the limiting pressure of the pump. 

Initially the back chamber is maintained at a pressure slightly higher than 
that in the main chamber, such that the nibber diaphragm is blown forward 
against the perforated disc, thereby diminishing the active volume of the main 
chamber. Expansion is initiated by energising the magnet, and when the 
magnet valve opens, the sudden release of pressure in the back chamber by 
getting a direct communication with the vacuum ballast forces the rubber dia- 
phragm downwards until it comes to rest against the perforated backing plate. 
This sudden change in the relative positions of the rubber diaphragm followed 
by a corresponding change in the volume of the main chamber causes the expan- 
sion of the gas in the main chamber volume and undergoes an adiabatic cooling. 
The adjustment of the amount of the expansion is controlled by changing the 
position of the backing plate. The backing plate is made of 3/32 inch brass 
plate with a number of uniformly spaced I /8 inch drill holes aU over and is rigidly 



screwed on to a threaded rod capable of vertical motion in the back chamber. 
The motion of this rod can be conveniently regulated from outside, without 
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any major dismantling of the components of the apparatus, by means of a mutually 
c oupled gear system as shown in Fig. 1. The i)erforated disc at the top is similar 
to the one at the bottom and is covered with a screen wire mesh which is faced 
with a black velvet cloth to form a uniform photographic background. The 
drill holes in the top plate together with the wire ^esh and the pores in the velvet 
will define the stream lines of motion of the gas and reduce the turbulence of the 
gas molecules when the rubber diaphragm is being pulled down so that the tracks 
are free from distortion. \ 

The underside of the glass plate is coated ^ith a ring of Aquadag to make 
the surfacje electrically conductive. A sweep fi4d of +45 volts is applied bet- 
w^een this coating and the base of the chamber, wiich serves to remove the back- 
ground ions produced by the tracks during t|ic proceeding expansion. For 
illumination of the tracks, two Mazda flash tubA. F.A.2 rated at 5(M) Joules arc 
used. Two banks of condensers ea(;h 64 /iF ^lorrnalJy charged to 2060 volts 
are discharged through the flash tubes by a sp^k coil. The spark coil is trig- 
gered by discharging a small condenser through Ttho primary of the coil. Cylin- 
drical lenses are used to collimate the light from the flashing units, into a parallel 
fan-shaped beam limited in height by diaphragms in order to avoid direct light 
reaching the top and the bottom of the chamber. 

3. A U T O M A T [ 0 P K E S S U B E CONTROL DEVICE 

The equipment shown at the right hand top of Fig. 1 is an automatic device 
for setting back the pressure iii the back c;hamber to the same desired level after 
every expansion. The mechanism can be understood as follows : As soon 
as the magnet valve opens, expansion of the chamber takes place and there is a 
lowering of the back chamber pressure owing to its communication with the 
ballast which is maintained at a sufficiently low pressure. A little later the 
magnet current is short circuited by closing a relay included in tlie electrouii-, 
sequence arrangement (not showji here) which returns the valve to its normal 
position and thus isolating the back chamber from the vacuum ballast. Simul- 
taneously, the pressure difference m the back chamber is communicated to a 
mercury manometer M, through an auxiliary connection, taken from the bottom 
of the chamber. There are a number of contact points of tungsten fused into 
the right hand limb of the manometer at regular intervals and by changing the 
point of contact; the pressure in the back chamber can be cut off at discrete 
levels. In the present position of the mercury level as indicated in the mano- 
meter representing the state of affairs immediately after expansion, the relay 
coil Cl is energised and the relay is pulled down, thus interrupting the current 
in the coil Cg of the air admittance valve. This -valve is the Edwards magnetic 
air admittance valve 1/16 inch bore, maintained closed magnetically against a 
spring which opens the valve to atmosphere when the current is switched off. 

6 
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Thus, when the current in the magnet coil is switched off air is admitted through 
the valve into the back chamber and simultaneously the mercury level in the 
manometer is pushed down to a level just below the variable contact point. At 
this stage the relay coil is de-energised and the current path for the air admitt- 
ance valve is restored thus closing the magnet valve and preventing any further 
admittance of air. 

In practice, however, after running for several days a thin conducting 
coating is formed on the inner glass walls of the mercury manometer owing to 
impurities in the mercury so that the spacing between the several variable con- 
tact points is electrically bridged up and the purpose of discretely cutting off the 
pressures is not achieved. This is avoided by cleaning the tungsten contacts 
and also rinsing the manometer with dilute Hydroflouric acid and also filtering 
the mercury at intervals. 

4. RESULTS AND D I S O U S S I O N 

The main chamber was c6m]|^etely evacuated initially and simultaneously 
the back chamber was also evacuated to prevent implosion of the rubber dia- 
phragm. 5 c.c. of dehydrated alcohol was injected into the main chamber and 
the desired total pressure in the working chamber has been set up by introducing 
argon whose flow is regulaticd by a needle valve. The total pressures in the 
main chamber are recorded by means of a mercury manometer, connected to 
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Fig. 2. A typical curve showing the variation cf expansion ratio with initial total pressures 
for any alcohol showing the ion and cloud limits. This particular curve is that for 
iso-amyl alcohol. 

the main chamber, not shown in Fig. 1. The expansion ratio, defined as the 
ratio of the initial to the final pressures, has been adjusted by defining the posi- 
tion of the stopping plate. The best ti^aok conditions were visually and photo* 
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graphically determined for different initial total pressures, each time the desired 
total pressure being built up by leaking in argon into the working chamber. 

Fig. 2 presents the variation of expansion ratio with total pressures obtained 
for iso-amyl alcohol and argon. 

The shaded area represents the region of track formation. The best track 
conditions, however, lie close to tlie lower boundary of this region. As we go 
towards the interior of this region and away, the tracks are masked with a back- 
ground fog and the quality of tracks deteriorates. Observations have been 
carried out with different alcohols with a view to choose a suitable gas-vapour 
mixture for operating the chamber at very l(|^v pressures with conveniently 
reproducible expansion ratios. The results of in|^estigation obtained with ethyl, 
?t-butyl, iso-amyl alcohols are shown in Fig. 3 a|id in each of these curves only 
the best track conditions are presented. I 

In the above series of experiments tracks were visually observed 

and photographed at different pressures. The so||rce in the form of a foil prepared 
in the laboratory from used randon needles is jmountod on a perspex base and 
supported inside the chamber from the wall of the perspex cylinder. 

The interpretation of the general trend of the curves can be better under- 
stood from the following considerations. 

The supersaturation produced as a result of expansion is given as (Das Gupta 
and Ghosh, 1946) 


(l-l-e)'v 

Vi 


... ( 1 ) 


Where (1-l-e) is the expansion ratio Pa saturation pressures at the 

initial and final temperatures. 

y == ratio of specific heats of the complex gaseous mixture in the chamber. 
If pg and be the partial pressures of the gas and vapour with the corresponding 
y\y Jo yf»» y composite mixture is given by the formula due to Richarz 

(1906) as 


1 1 Pj 4 ^ .Pv 

y-l y,-i ~p r.-i P 


(2) 


where P is the total pressure equal to (p^+p^)- 

It is seen from equation 2 that when the total pressure P is decreased by 
riiminishing the gas pressure p^, Pf,/P increases while PgjP remains practically the 
same for Pg»Pv as a result the value of y decreases. For a given expansion 
ratio the fall of temperature is therefore loss and the supersaturation produced 
smaller. Thus, one needs a higher expansion ratio to attain the same degree of 
supersaturation. The curves plotted in Fig. 3 for the best rack conditions with 
different alcohol vapours show a functional dependence of the expansion ratio 
on the total initial pessures, 
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It is furtlier observed by an intercomparison of the curves drawn for different 
alcohols that there is a finite dependence of the expansion ratio on the mole* 
<*ular weights of the alcohols involved. The heavier the alcohol, smaller is the 
(expansion ratio needed to bring about the same degree of supersaturation for a 



Fip. 3. Variation of expansion ratio with initial total j)rcRSiiro8 for best track conditions 
with different alcohols. 

given pressure. Flood (1934) found that the value of supersaturation at the 
ion limit or cloud limit depends strongly upon the type of vapour used in the 
chamber. Thus, iso-amyl alcohol with a molecular weight 88.15 requires a much 
smaller expansion ratio than w-butyl alcohol whose molecular weight is 74.12. 

It was shown by Powell (1928) that when the partial pressures of a con- 
densible vapour becomes a large fraction of the whole pressure, many factors 
operate which restrict the growth of siipersaturation. The supersaturation 
reached is much smaller than that deduced from adiabatic expansion. The effect 
is attributed to the evaporation of hot vapours from the free liquid surface in 
the chamber. Joliot (1934) has shown that the working expansion ratio in- 
creases from, 1*305 at atmospheric pressure to about 2 when only saturated water 
vapour remains. It is thus apparent that the operation of a conventional cloud 
chamber with pure alcohols is a matter of considerable difficulty and the per- 
manent gas plays an important role in its operation. 
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In the present set of observations it is seen that by using heavier alcohoi, 
the initial total working pressure can be pushed down to lower pressures than 
Avith the lighter alcohols. In case of iso-amyl alcohol it is as low as 5 cm. This 
is perhaps on account of the fact- that for a given total pressure, the vapour' 
pressure contributed by the heavier alcohol is hi a smaller proportion to the 
total pressure than for the lighter alcohols with ; the result that the permanent 
gas which is in considerable quantity plays its for proper condensation at 
conveniently reproducible expansion ratios. 



Pig. 4 . A typical photograph - a tracks at 5 cm of Hg using 

iso-amyl alcohol and argon. 

Fig. 4 shows a typical photograph of a tracks obtained at 6 cm of 

Hg using iso-amyl alcohol and argon as the filling mixture and the tracks can be 
l^en stretched to lengths extending over the entire diameter of the chamber. 
Thus, the advantages of such magnified track lengths can be appreciated when 
one has to work with fission fragments or such other reaction products with 
low energy which have ranges of only few millimeters at atmospheric pressures. 
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EQUIVALENT PRESSURE CONCEPT |N CROSSED ELECTRIC 
AND MAGNETIC FIELD IN ELECTfODELESS DISCHARGE 

S. N. SEN AND A. K. P3HOSH 

Dwpartmknt of Physics. Jai>avpiiii UiiJVEnSTTY, Oalcvtta-H2 
(Rpceired December 29, I960) 

Wehrli (1922) calculated the effect of a maguetie Held on the breakdown 
(jondition of a gas by assuming that A, thc5 mean free jiath of the electron, is 
constant for all the electrons and under the action of the magnetic field the 
electrons will describe a cycloidal path and the moan free path A will change to 
A' such that 

(1) 


Where H is the magnetic field in Gauss, e and m are the charge and mass of the 
electron and E is the breakdown voltage per centimetre length of the discharge 
tube. Hence the effect of magnetic field is equivalent to an increase of pressure 
P to Pe such that 


I'-S 


... ( 2 ) 


Blevin and Haydon (1958) arrived at a new expression for equivalent pressure 
by calculating the electron mass energy and drift velocity in a magnetic field 
and P^ in their case is given by 

< 3 ) 


where 
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L is the mean free path of the electron in the gas at a pressure of 1 m.m. and 
M is the velocity of the electron. It can be seen from equation (3) that 



* P* 


and if it can assumed that -- eEd where d is the length of the discharge 

tube then 

9 ‘w Haydon’s formula) 


and fram Eqn. (2) X ... (4) 

P ’ * 

. =r ,• eifiL 1 (Wohrli’s formula) 

8Pib» 1 


9 em 



3 I 1 1 1 1 ! ^ L 

Fig. 1 


We have recently measured the breakdown potential in air in crossed electric 
and magnetic field within the pressure range 1 x lO*® to 1 mm of Hg, the dis- 
charge being excited by means of a 10 KV transformer. The magnetic field 
has been varied from 50 Gauss to 2000 Gauss and three discharge tubes of length 
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ft cm, 22*& cm. and 26*5 cm. have been ueed. From the measured breakdown 
potential data, the values of PJP have been calculated using both the expresrions 
in Eqn. (4) where the magnetic field has been taken as 100 Gauss and in Figs. (1) 
and (2), P#/P has been plotted against the corresponding pressure. From the 
curves it appears that the relative change of pressure as obtained from Blevin 
and Hay don’s formula is large when the pressn^ is very small, that is Vjelow 60/* 
of Hg. and then drops suddenly and become^ insigniftcaut above 2(K>/*. On 
the other hand, Wehrli’s formula predicts negaijjiive values of equivalent pressure 
at low pressure which is anomalous. At about J^O/* of Hg, PJP becomes very 
large in the case of Wehrli’s formula and then (wps suddenly an<l both the curves 
become asymptotic to the straight line PJP — | at higher pressures. Values of 
PJP calculated for higher magnetic fields also ||[ve similar nature of the curve. 
If calculations for the equivalent pressure lx made using Wehrli’s formula for 



Fig. 2 


small values of magnetic field of the order of 15 to 30 Gauss then it predicts 
positive values of P$ at low pressure. Thus at low pressure, Wehrli s formula 
becomes valid only if the magnetic field is small. It can be seen from Fig. 1, 
that both the curves almost provide the same value of Pg/P above 900/* of Hg. 
7 
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and »bove 2(K)/« the change of PJP is insigni^cant. But in our experiment it has 
been note4 that the effect of magnetic field pn breakdown potential ia dominant 
at higher pri^Bsure. also. Thus it can be concluded that both the above ei^prear 
sions for^ P^ are of limiter! applicability and the concept pf equivalent pressure 
alone cannot explain all the observed results. So far the p^j^atioi^^qf y, Town- 
send’s second coefficient in a magnetic field, has been neglected, but we^'kave 
recently deduced an expression for variation of y with (EjP) (Sen and Ghosh 
1961) and it is hoped that the incorporation of vc^riation of y with H along 
with equivalent pressure concept will explain th" observed changes better. ^ 

i ' ' i ' 
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*A NOTE ON THE PROBLEM OF INTRODUCING SPHERI- 
CITY CORRECTION TO CONSERVATIVE SCATTERING 
STELLER ATMOSPHEI^ MODEL 

K. K. SEN I 

Lecturer in Phyhics, UNiVERfiiTY ov Malaya, Singapore 
{Received, March 21, IflpO) 

ABSTRACT. The relative magnitude of the eorreftion to bo applied for the ourvaturo 
in the study of the radiative transfer problem in the c^srrvativc* scattering stellar atinos- 
j)here has been calculated. Wick-Chandrasekhar metliod] f solution for the intogro-ditlerential 
o(]uation of transfer has been employed in the first apfcoximaticn. The results are shown 
in a tabular as well as graphical form. f 

The problem of transfer of radiation in the case of extended atmospheres 
of stars in which the curvatures of the layers of atmospheres has significant 
effect on the transfer problem, has been considered by Kosirev (1934) and 
Chandrasekhar (1934). On the other hand, it is quite well known in the theory 
of radiative transfer that for most stars such as the sun, the atmosphere can 
be considered to be plane parallel. In a recent paper, Barbier (1956) discussed 
the problem for near solar case and established that it is not necessary to con- 
sider the atmosphere as spherically symmetrical. The puipose of the present 
note is to examine the magnitude of correction involved in passing from plane 
parallel to the spherically symmetrical case for different values of optical thickness 
of the stellar atmosphere in the conservative scattering case. 

In the present case, the atmosphere chosen is thin, finite and conservative 
scattering. The equation of transfer appropriate to the problem of spherically 
symmetric atmosphere is given by (Radiative Transfer — Chandrasekhar, p. 364) 

^ ^r,^) ^ J ... (1) 

and appropriate equation for the plane case is given by 

p {r,p) = -kpI(r,p)+W f ' ... (2) 

Here I{r,fi) is the specific intensity of radiation at a distance r from the centre 
of the star in a direction fi where fi = cos v, v being the angle between the direc- 
tion of the ray and the outward drawn normal to the atmosphere. Both of 
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those equations are solved by the method of Wick-Chandrasekhar in the first 
approximation. Thus Bq. (1) is transformed into the following group of equa- 
tions (Radiative Transfer — Chandrasekhar, p. 366) : 


d 

dr 


T 


d 

dr 




^ vai(3/^i2— l)/i = 


( 3 ) 


And for the jdano parallel case, the Eq. (2) can bo written out formally by 
dropping out the second term on the right hand side of (1) and that in the 
Eq. (129) of Radiative Transfer, p. 366. 


d 

dr 

d 

dr 


— 0 

XO'iJH^li = —kp^aipt^Ii 


... (4) 


In the case of the first approximation = 1 and = — /«^i. 

^/3 

The boundary conditions under which the equation is to bo solved are the follow- 

hig : 

(1) At the inner boundary of the atmosphere denoted by r ~ the out- 
ward intensity is very strong in comparison with the inward intensity. 

(2) At the outer boundary of the atmosphere denoted by r JK, there is 
no incident radiation from outside is zero). 

The solution of the first of Eqs. (3) yields 


1 

2 


F = iMiftili — ^ . 


lo 


%vhere is a constant. 


Hence 





The second of Eq. (3) solves as 


^ Fo 
2 ■ r*~ 


r 


(P) 


dll 
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where A is constant, and this can bo determined by the boundary condition (1) 


f.j 

... (7) 

ro 


jR * R 

r i/)* 3 p f kpdr 

' rn ^ 2^“J > 

ro f 

... (8) 


At r = ii, the outer boundary of the atmosphcr| 


/r \ rQ f 

- 2^’oj :^fr 


(9) 


In the plane case, we can proceed in the sidnilar way. The solution of the 
first of the Eq. (4) f 




lx, 1 ^0 

2 r„* 


... ( 10 ) 


where F^, and have the same meaning as before. The flux is constant in the 
plane parallel case 


J+i i-i 2 ^^2 

The second of Eqs. (4) yields 

= l^pdr+B 

Using the boundary condition (1) 

^='^1 

/«+/-.=4§-2 


( 11 ) 


( 12 ) 


(13) 


(14) 


Then from the boundary condition (2), the incident radiation from outside at 
the outer boundary of the atmosphere may be taken to be zero 
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In the astrophysical context, kp is generally taken to vary as an inverse 
power of r (greater than unity) 

kp = where O is a constant (16) 

The optical thickness r, measured from r = 5 inwards is given by 



... (17) 

r 


c r 1 11 

n-l Lro*-! J 

... (18) 


i.e., T = Tj denotes the photosphoric surface at r — ro. When == 2, the emer- 
gent intensity (/+i)h for tbe spherical and the plane case is given by the two 
Eqns. (19) and (20). 

For the spherical case 


(/ ^-l)r"-o 

\/3 


(1 — \/5tj)4* 


2 


w 


V3 




R 




] 


and for the plane case 


(19) 


(^4x)r.0_ _ (20) 

w /« 2 
2 ^0/^0 

(/^,)r^o (spherical) ^ , f ( o _ ro^l 

(/+i)r-o (planer L\/5(1-\/3 ti) \ R 2J2/J**’ ^ ^ 


The term within box bracket is obviously the term which arise from the 
curvature of the atmosphere and can be called sphericity correction in the present 
approximation for w == 2. The value of correction for different values of optical 

thickness corresponding to several values P are shown below in Table I. 

^0 

The results are shown in Fig. 1. 

In the similar way, it can be shown that for n = 3, the equation corres- 
ponding to (21) turns out to be 


(f-t-i)r-o(8pherioal) ^ , [ VSt ^ / n 

(/+i),-o(platte) L2(1 --v^Ti)\ E* ) \ 


( 22 ) 
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The values of the correction, terms within box bracket in the present approxi* 
mation for w- = 3 are noted below for different values of and ^ in 


Table II. 



\ro 

0.25 

0.60 

1.00 

2.00 

4.00 

0 

0 

0 

0 

0 

0 

0.01 

0.003 

0.003 

0.007 

0.009 

0.010 

0.025 

0.008 

0.013 

0.019 

0.023 

0.026 

0.050 

0.018 

0.028 

0.037 

0.047 

0.056 

0.10 

0.039 

0.062 

0. p 87 

0.098 

0.123 

0.15 

0.066 

0.104 

0.146 

0.182 

0.206 

0.20 

0.099 

0.157 

0.221 

0.276 

0.311 


TABLE n 


0.25 

0.60 

1.00 

2.00 

4.00 

0 

0 

0 

0 

0 

0 

0.01 

0.003 

0.004 

0.006 

0.008 

0.008 

•0.025 

0.008 

0.011 

0.017 

0.020 

0.021 

0.05 

0.017 

0.025 

0.033 

0.040 

0.046 

0.10 

0.038 

0.055 

0.078 

0.084 

0.101 

0.15 

0.064 

0.093 

0.131 

0.156 

0.168 

0.20 

0.095 

0.140 

0.199 

0.236 

0.254 
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The results are shown in Fig. 2. 

From the graphs it is clear that there is no common region of applicability 
for the equation of transfer in the plane-parallel and the spherically symmetric 


1 "‘H 



case. As is physically expected, for any particular Tj, the smaller value of 
R—r 

— ^.-.0 , the smaller will be the magnitude of the correction term; and for any 


value of 


jB— ro 


, the smaller the value of t^, the less significant will be the correc- 


tion term. 

In conclusion, the author takes pleasure in recording his gratitude to Prof. 
N. R. Sen for the benefit of disciilision at the initial stage of the preparation of 
the paper and to Monsieur Spite of Laboratoire d’Astronomie, Lille, France for 
some active suggestions. 
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THEORY OF INDIRECT EXCHANGE INTERACTION 
IN SPINEL-LIKE SYSTEMS* 


K. P. SINHA 

National Chemical Laboratc^iy, Poona-8 
(Received^ September 1, ^^960) 

ABSTRACT. A thoorotical study of tlio indiroi|t oxchango intcraci-ion for tho spin 
coupling in spinel type magnetic compounds is made oA tho basis of a mechanism suggested 
by us rooontly. Detailed calculations are carried out forlhe elementary, four-cionlre (A~0"-B2 ; 
A and B represent tho cations and 0 denotes tho anfcn) and fivo-olectron system. This 
furnishos the appropriate model for describing both aJb and-B-B types of intoractions. 

The relative energies of the ferromegnetic (Quartet f) and the two ferrimagnetic (Doublets 
Di and D 2 ) states are assessed for the above model, ll is sliown that, within tho framework 
of tho present mechanism, tho ferrimagneticj state D|, which reprosonts antiparallel spins 
in A-B and parallel in B-B, is the most stable state. This is in agreomont with tho observed 
situation. 


1. INTRODUCTION 

Some recent papers (Audersop, 1969; Koide, Sinha and Tanabe, 1969) on 
superexchange interaction have Jed to a reappraisal of the types of mechanisms 
responsible for the spin coupling of magnetic ions in certain magnetic compounds 
(see also Kanamori, 1969; Keffcr and Oguclii, 1969), It seems that of the various 
moclianisms proposed some are only apparently distinct and others embrace 
complementary features of the physical situation. However, it remains to 
establish as to which of these play the dominant role. 

One of those mechanisms, which is analogous to spin-polarization around 
a nucleus that leads to nuclear indirect exchange was recently suggested by us 
(Koide, Sinha and Tanabe, 1969). It constitutes an important spin dependent 
effect and the contributions due to this mechanism needs to be fully assessed 
for each type of crystal structure while discussing the magnetic properties of 
such compounds. The previous paper, in addition to dealing with the general 
formulation of the mechanism in terms of semi-localizod orbitals for the anion 
electrons, furnishes a quantitative calculation for the oollinear three centre and 
four electron system applicable to magnetic compounds having rock salt or 
perovskite type structures. In another paper (Sinha and Koide, 1960), we have 
given a theoretical study of this interaction by choosing an elementary luiit 

* Contribution No. 415 from tho National Chemical Laboratory. Poona B, 
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which is appropriate for zinc-blends type structures. In the present paper we 
give ail analysis of the indirect exchange interactions in spinel-like systems, 
using, as in our previous papers, the Heitler-London method with the inclusion 
of the correlation effect which involves spin dependent transitions of the anion 
electrons. 


2. THEORETICAL MODEL 

It is appropriate to discuss briefly the relevant features of spinel structure 
before coming to the model chosen for calculation (for a fuller description of 
the structure see Gorter, 1954). The ideal spinel structure can be described as 
a cubic close packed lattice of anions (e.g., 0^“") with metal ions partly filling 
the tetrahedral (half of the Ifl A sites) and the octaliedral (half of the 32 B sites) 
interstices. There are eight molecules in the cubic unit cell, the molecular 
formula being AB2O4. The immediate environment of each metal ion is thus 
cubic. The oxide ion, however, has four nearest neighbour metal ions of which 
three are at octahedral (B) sites and the fourth is in a tetrahedral (A) site. The 
three octahedral cations are situated at a distance Rq along throe mutually 
perpendicular directions from the oxide ion. The tetrahdral cation is in the 
<111> direction at a distance Rt and away from the o(5tant which contains 
the three octahedral cations. The immediate symmetry around the oxide ion 
i.e., of the unit A-O-B3 is described by the point group 63,, ; the next nearest 
neighbours of this oxide ion are twelve oxide ions of the face centred cubic lattice. 

According to Neel’s (1948) phenomenological theory for firrospinels, there 
are three typos of negative interactions, namely A-A, B-B and A-B, the relative 
strengths of which determine the ultimate coupling; assuming, of course, the 
presence of one kind of magnetic ion (e.g., IV^) only. If the AB interaidion 

is much stronger than A-A and B-B interactions, the spin ordering A [Bg] is 
favoured. This constitutes the fundamental assumption of the two sub-latjbice 
model of Neel. However, when either of A-A and B-B interaction is comparable 
with A-B interaction, further generalizations as envisaged by Yafet and Kittel 
(1952) by dividing A into two sub-lattices Aj and Ag and B into four sub-lattices 
Bj, Bg, Bg and B4, have to be considered. These considerations lead to certain 
triangular arrangements of the spin vectors associated with the sub-lattices. 

The strengths of these interactions would depend on the nature and mecha- 
nism of the fundamental types of indirect exchange interactions involving the 
anion lattice as well as the cation-anion-cation angles and cation-cation and 
cation-anion distances. Aside from qualitative discussions (WoUan, 1960), no 
non-empirical analysis of such indirect exchange interactions in spinel-like 
systems has been made. In what follows, we consider a detailed calculation 
for one of the mechanisms suggested before, on the basis of an appropriate model 
chosen. 
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In view of the large A- A distance and unfavourable angles, we shall dis- 
regard the study of the A-A interaction. As is supported by experimental 
results this interaction, in any way, is too feeble* The problem then is to select 
a model which includes the effect of both A-B and B-B interactions. Although 
we shall always keep the unit A-O-B3 {with symmetry) in mind, we choose 
a still smaller unit, namely, A-O-Bjj, which fuighishes the appropriate model for 
describing both ty^es of interactions. At time8|:while considering the symmetry 
of orbitals involved in the study, we shall refer Ito the complete unit having 6^ 
symmetry. If the ion in the unit A*0-B| Was in the plane of A-B 2 , the 
symmetry of A-O-B 2 would have been taken as Since, 0*’“ is slightly below 
this plane, this symmetry is lost. However, we Ihall make use of some symmetry 
planes even for this unit in order to classify th^orbitals and to study the nature 
of wavefunctions. The geometry of the unit s shown in Fig. 1. 



3. THE WAVE FUNCTIONS OF THE CATION 
ELECTRONS 

We consider one representative electron each from the three magnetic ions 
i.e., one at the tetrahedral, site A, and the other two at the octahedral sites B 
add B^. Each electron is assumed to be coupled strongly by intraatomic spin 
dependent interaction while moving in the field of their respective ion cores. 
Only one typo of magnetic ions are considered for simplicity with # electronic 
configuration and in ^Sg /2 state e.g., Fe^+. 

We denote the orbital functions of the electrons of the two octahedral cations 
by and and that of the tetrahedral cation by v. In the choice of the explicit 
forms of these orbitals, we shall be guided by their degree of overlap with the 
anion orbitals, and the splitting of the d orbitals in the crystal field. It is well 
known that in the cubic field due to octahedrally situated six surrounding ions 
the 3d level of the magnetic ion splits up into lower triplets (tg^) and the upper 
doublets (e^), the triplets being da^, dyz »nd dgx and the two doublets being 
dju*— y* and d«* — When the cations are tetrahedrally surrounded by 
the anions, the situation is reversed and the tr^lets are higher than the doublets. 



114 


K. P. Sinha 


If the three cartesian axes are taken to be the lines joining the anion to the three 
octahedral cations, then the obvious choice for and U 2 would be one of the 
€ff orbitals, in particular, the d-function having axial symmetry with respect 
to the bonds BO and B'O (see Fig. 1). For v one can take the appropriate 
orbital. Any other choice of axes (e.g., A 0 as the z axis and x parallel to BB' 
and passing through 0) would not make any difference in the calculations pre- 
sented below in that the orbitals can be re-expressed by suitable transformations. 
Thus we assume the following behaviour of and v under reflection in the 
plane AM normal to the flgure (Fig. 1). 

> U 2 and ^ 

where denotes the corresponding operation. Switching over to the condi- 
tion Ram^ = would not bring about any difference in the physical arguments 
involved in the calculations. 

Including the spin functions, we shall have eight Slater determinants for 
the three cation electron system. We shall choose such linear combinations 
of these which are eigenstates of the 8^ operator. We have one quartet and 
two doublet states. These are given below : 

1 (^f == v)> c = [^ 1 ^ 2 ^] ... (3.1) 

P<E»od(i)>o ==== . ••• (3.2) 

I (i)>c = {[Witi2«^]-“[QiV]} I \/2 ... (3.3) 

Here the bracket notation represents the usual Slater determinant multiplied 
hy (An)~* (in this case (31)"’*). The orbitals without bar include up spin and 
with bar down spin functions of the electrons in them. The suffix c outside the 
kets refers it with respect to cation electrons and the suffixes od or ev denote that 
the states are odd or even under the operation Ram- 

The classifleation of the states with respect to the symmetry operation Ram 
has the following advantage. The quartet of course, would represent 

the ferromagnetic state. The ferrimagnetic state | represents the situa- 

tion where the spins in A and B are antiparallel, while that of BB are parallel. 
In effect, this would represent a dominant negative A-B interaction. The 
state however, represents the reverse situation with antiparallel spins 

of BB and parallel spins of AB. This represents the case with stroller B-B 
interaction. The picture remains incomplete unless the effect of anion electrons 
is included. 

4. THE WAVE FUNCTIONS OF THE ANION 
ELECTRONS 

Unlike our previous papers, where for anion electrons semiloQalised orbitals 
aape used^ we shall follow a perturbation procedure right through in the present 
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formutetion. We consider two anion electrons which play the dominant role 
in our mechanism. The appropriate 2p orbitals of the anion (e.g., O*-) are no 
longer degenerate in the crystal field for the unit A-O-B, with Cj, symmetry. 
For the choice of axes along the three octahedral cations, the crystal field Vo„ 
gives rise to one non-degenerate orbital, r 




1 

VS 




... (4.1) 


belonging to representation of Cgg group and %o degenerate orbitals, belonging 
to E representations i.e., 


1 


pm = -^(^pz-p,-iy) j 


(4.2) 


If, on the other hand, AO is taken as the z axi$ and ON as the x axis, it can be 
easily shown that pg belongs to A ^ representation and its energy differs from 
the doubly degenerate orbitals px and py belonging to E representation. It is 
seen for both cases that the orbital belonging to Aj representation has a larger 
overlap with the orbitals of the cation electrons. 


We represent the zeroth order ground state for the anion system by con- 
sidering the representative two electrons with coupled spins in the orbital belong- 
ing to A I representation. We denote this symbolically by (f>. It may be added 
that for the restricted unit A-O-Bg we shall replace p^ (A^) by 


Pi = (2’.+P*)/V5 (4.3) 

with OB as z axis and OB' as x in that the effect of py would be negligible. Thus 
our ^ would represent p^ as given by (4*3) or pg depending on the choice of axes. 
In effecting the actual transformation the vector-like nature of the p orbitals 
should be taken into account. 

The wave functions of the two anion electrons in the zeroth order ground 
state is expressed as 

= < 4 - 4 ) 


which is even under 


We defer the specific choice of excited orbitals until later sections and con- 
sider their effect in terms of some symmetry properties. It would suffice to 
consider the configurational interactions in terms of transitions to two types of 
orbitals, one even under and the other odd. They are respectively denoted 
by y and - 
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We have the following triplet states for the two anion electrons under con- 
sideration. 






[^y] , 

{[<»7]+[?y]}IV5 

[? 7 ] 

m ^ 

{m+m}w^ 

m 


} 

} 


... (4.6) 

... (4.6) 


Singlet states for the two anion electrons involving y or i) will have much higher 
energy than those described above and accordingly we omit them. 


^ 6. THE WAVE FaNCTIONS OF THE TOTAL SYSTEM 

We first consider the zeroth order ground states of the total five electron 
and four centre system. The lowest state of the two anion electrons is | 

(cf. Eq. (4.4)] and hence the lowest ferromagnetic and two ferrimagnetic states 
are given by the products of (4.4) with (3.1), (3.2) and (3.3) respectively. 

Ground states : 

= (W«>WV’).>=[W#] - (5-1) 

= l(*$o<*“'WV)a> 

= ... (5.2) 

= 1 (*««,“').( V).> 

= ... (5.3) 

A large number of excited states for the total system is possible. These are 

the products of the cation states (3.1), (3.2) and (3.3) and the excited triplet states 
of the anion, namely, (4.5) and (4.6). We shall write down only those states 
which have the appropriate symmetry corresponding to the respective zeroth 
order ferromagnetic and ferrimagnetic states. Others with different symmetry 
are of no consequence in that they do not interact with the corresponding ground 
states described by (6.1) to (6.3). The excited states involving transitions to 
y and rj type orbitals are given below : 

Excited States 

Quartets 

-8([tti«i«^W+K«*«W)}lv^ ... {6A) 
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^ . V , ; .V i 

= {2[MiM,S^]-r-[«jUj»^]-t[ti,«gtJ^7]}|V^ ... (6.6) 

OotHtikts 



, . . . , . . 

= {([Mi6a<^f]+[«iQa«?y]+[*|«^»^7l+[QA»?y]' ■ 

— 2[ttiWjS0y] — 2[Mi«gV^|]) 

+(2[«iy563/]+2[0^«46A]^4[QiQg!^])}|VM ... (6.6) 

= {3KM*«??]-([u*MjV0y]+[Qt«2i;^7]+[MiD,»^y] 

+KQa»?yl+[«i«»»^73+K«a»^>y] 
+([SiU2»^y]+[0x«2«^]+KOj(i>^])}| VJB , ... (6.7.) 

'i [ [\ 4 

== {[Mi62®^?]+KQj«?y]-[6i«a»^y]-[Qi«^^>p'3 [ , ; ' . 

— 2[Mi1i8fJ^y]+2[Qiatji>fll7]}/vl2 ••^» (6^®) 

Excited states involving transition to ^ type orbital. 

Quartets : . i ' I I ^ 

= {KQgf^V]— [UiMaV^^D/Vn ' I ' j '• \ /V — (5*®) 

fioMela : I 

(*)> = l ( V «’-*').( V ).^ % i ^ 

: ... ''.>1 

explicit ^om for (6.10) is the same as (6.$) except that the orbital y is re« 
placed by i ^ 

= VAI(W*’).(*Xos'*'U> 

{<■ <) . ... ( 6 . 11 ) 
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+'s/Fl(**«-‘-*')A«<‘“)*> ... (6.12) 

The explicit forms of (6.11) and (6.12) are rMpeotively obtained by putting the 
orbital n in place of y in (5.6) and (6.7). 

6. EVALUATION OF THE ENEBOY MATBIX 
The Hamiltonian (in aton^ic units e = h = M = 1) is 

, , ■ ^ H«-.lSViHp(r<)-I^S± ... (6.1) 

where V(r^) k the potential acting on the ith electron due to the four nuclei and 
all other electrons except the five under consideration. tThe energy matrix of the 
Hamiltonian within the manifold described in the previous section is given below : 

Diagonal elements 

*Qrauni -aUUes : 

= [Qo-J{u^u,)-2J(u,v)-2J{ui^)-J(v^)] ... (6.2) 

=[go-J(ttiU*)+J(«i»)-2J(Mj^)-J(t»<6)) ... (6.3) 

= Wo+*^(«i«»)--*^(“i»)-2./(«i«i)-J(v0)] ... (6.4) 

Axcited states involving transition to y type orbital. 

Q%iartet8 : 

I H I > = [Qy-J(uiu,)-2J{uiv)-J(^y) 

— l{J(«i^)+J(Mir)}— l{J(»^)+J(«y)>] ... (6.6) 

' I B 1 = [Qy-~Jiu,u;)+J{u,v)-J(f^) 

-|{J(Mi^)+J(«iy)}-l{J(v^)+ J(»y)}] ... (6.6) 

fimiljkts: ' 

-J{UiU,)+J{UiV)-J{^) 

+l{/(«i<J)+J(ttiy)}-(f{J(»^)4.J(»y)}] ... ( 6 . 7 ) 

=*Wy-J(«i«,)-2J(^v)-J(^) ^ 

+i{2«f(«i^)+2J(«iy)+J(o^)+^(vy))] ... (6.8) 
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■= Wv+*^(®iw*)— j(^) 

(6.9) 

For transition to ^ type orbital. i i 

(Quartet : 

I' 

~ tQ9"f"«^(WiWg) — Jx^v) — J(Ui^) — 


-J(v^)-J(vii)-J^)] (6.10) 

Doublets I ' 

<*f oi’'! 1 H I > = as in (6.9) with | replaced by i;. (6.11) 

<»? I ^ as in (6.7) with o|r 8 placed by i;. j | ( 6 . 12 ) 

I H I > = as in ( 6 . 8 ) with y replaced by rf. (6.13) 


The symbols occurring in the right hand side of EqnsL (6i.2) to (6.13) 
stand for the following : 

Qo = {2ea+e„+2ef+K(UjUg)+2K(itiV)+iK(Ui^) 

+2A'(»^)+Z(#)} (6.14) 

Qa — {2eu+c»+ey+ea+iL(WiM2)+2^(Wi®)+2.K(i*i^) 

+2K{Uga)+K{v^)+K(va)-\-K{^)) (6.16) 

K{ab) :s <o 6 |gi 2 |o 6 >, the coulomb integral *1 

f (6.16) 

J(a&) s; <a6 1 gr^j | ba> , the exchange integral J 
[see also (6.24) ] 

and ‘ e<, ^ <a | — lv*+ F (, o > the one electron term. (6.17) 

In writing down the final expressions we have made use of the conditicHU 
. lii* — »U 2 under Ba m- It is to be noted that the diogonal matrix (elements ( 6 . 2 ) 
to ( 6 . 4 ) for the zeroth order ground states are degenerate if we neglect the rela- 
tively feeble direct exchange integrals such as J(uiUg) and J(%v). It is essen- 
tial, 1 herefi>re, to study the interaction of these states witii the omreqroiuUilg 
excited states in order to detmmune the effective coupliiig on the basis of the 
psesent mechanism. The off-diag(mal matrix elements will be desmibed new. 



Off-diagpnal elements 

(i) Involving transition to y. 

= -yl^{<rhY\9it\4>^> + <^i7\9u\!K> 

+ <»r|fl'ia|^t»} .. (6.18) 

— 2<»y|fi'ig|^t»} .. (6.19) 

< Voa I J? I = -yj g{2<%r 1 ffii I M> + 2 <May | | <hi> 

i , i — <«rki 2 l^>} ■ ' i • •• ( 6 . 20 ) 

— 2<»yjfifiaj^tf>} ■ • , ; . ■ (®-21) 


I -f? i === ;^g <vy 1 9tt I <l>v> 


(6.22) 


(ii) For interactions with excited states involving transition to like orbital, 
we have one composite expression lor the off>diagonsl elements, i.e., 

^ '<¥oi 1^1 ¥<««’'»> = I (¥<«*’'*> = 

( 0 .!. ) ... = 

— <«27ll9ij|«i«2>} ' ! •” 

%e notations like j<a6 1 1 cd> in the diagonal and off-diagonal elements re- 
presents the integral ^ ^ 

f ( a*(ri)6*(r,) i c(ri)d(r,)(iri«irg ... (6.24) 

r-t J J ri4. 

W 

,■ STUDY,, OF INTBBACTION B.Y PEBTUB-BATION. 

PBOCEDUBE 

.. .lf< w« exanund the diagon^ matrix elements of the excited ^tes i^e., Eips. 
:||6ii&)4oj(6.i3)itisBeentliat the term like Q(a) (explicitly given by (6.15)). is oomxnoh 
tliaiexpcosBUins fnr^tranaitidn to ‘a’ type orbital. < Since this contains terms 
Jack ritoteon and thd coidomb integrals £( 06 ), it is.by Jar the domiaaat 
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term as compared to those involving the exchange integrals J{ab), which are 
relatively very neg%ible. We can thus safely use the approximation. 

= . ... (7.1) 

where E ' represents the mean energy of the edited states involving ‘o’ orbital. 
Further, we use the notation 

where 

= ^E^ = E, 

i.e., the degenerate energy of the zeroth order ||round quartet and doublet states. 

As shown in our previous papers (Koide| Sinha and Tanabe, 1959; Sinha 
and iCoide, 1960), the spin dependent energ# depressions of the various lower 
states, within the framework of the present iormalism, appears in the second 
order term of the perturbation treatment, ^his is expressed as 

BEn = S <^\H\n><n\H\(»l(En-E^) 

n 

{E^)-^I,<0\H\n><n\H\0> ... {7.3) 

n 



using (7.1) and (7.2). 

It is expedient to consider certain symmetry situations before giving the 
explicit expressions for the energy depressions of the various quartet and doublet 
states based on (7.3). 

Under the operation we take, as pointed before, -♦Wg; the behaviour 
of V either as even or odd function, would not affect the hybrid exchange inte- 
grals <vb\gi 2 \<^'^> occurring in the off-diagonal elements. Further, under 
the operation Bqjt i.e., reflection on the plane ON normal to the Fig. 1., ^ is 
expected to behave as ^ because ^ is either a pg orbital or a com- 

bination of p orbitals by (4.3) depending on the choice of axes. As noted before, 
for Tf we take Rj^mV == consider two possibilities. 

(a) R^ji^y = y (always) 

(b) i) RQjjy = y or ii) Rojsr7 == -7- 

We shall consider the energy depressions of the states with the condition 
^on7 ^ 7'> i'hen we have only to show that the lowest available excited orbital 
of y type has this symmetry. 

We now consider the explicit expression for the energy depressions of the 
zeroth order ground states (5.1), (6.2) and (5.3) due to the second order pertiu*ba- 
3 
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tion terms as contained in (7.3), under various conditions. The respective de- 
pressions wiJl be symbolically denoted by SQ, and These are dealt 

with casewise. 

Case /. (Perturbation by excited states involving transition to y type orbital). 
It is convenient to introduce the following abreviations 

<%7ki2l0^i> ^ etc. ... (7.4) 

We also note that =: because of the symmetry under 

and that Thus making use of these conditions in the 

appropriate off-diagonal elements, the depressions of the various states are 


expressed below : 

^\(2^^Jy,f-\-2‘^Jy^)\^)lEy ... (7.6) 

SD, : {il(4«iJ^,+V^,)lHll(2t^iJ^,+2Vv,)in/^^ ... (7.6) 

SHy, : m^JxAWy ... (7.7) 

It follows, therefore, that 

SQ — 6D-^ = \ ^^y^\l^y ... (7.6) 

dQ-^dD, = \^Jy,\}IMy ... (7.9) 

SD ^ — = {4 ^^Jy(fY^~\-^\'^^Jy<p \ 1 I }/-^7 ... (7.10) 


It is easily seen from the above equations that the depression of the is maxi- 
mum and it is the lowest of the three states for transition to the y type orbital. 
i>2 will probably lie above Q, 


Case II, (Involving transition to tj type orbital). Noting, 
the depressions of the various states are : 

= 


dQ : 2\uiJ,,\^IE, 

... (7.11) 



... (7.12) 



... (7.13) 

Hence 

SQ-SDi = 0 

... (7.14) 

and 


... (7.16) 

In this case, is the lowest state and Q and lie above and are degenerate. 

Of the two cases discussed above the fact as to which will dominate would depend 
on the magnitude of Ey and JE?, as well as the hydrid exchange integrals 
involved. However, it is more appropriate to discuss the case when they are 
of the same magnitude. 
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Oase III. (The energies of y and ij are equal. We can use the approximation 
Ey = E^ — E.) Then we have 

SQ—SDi = Q\'UiJy^\ jE ___ (7.16) 

= \oJy,\}IE 

x2\utJy^\\'’Jy^\IE ; ... (7.17) 

SD^-SD, = {4|»>Jv,|*-41«iJ„|*^|«.J.,,| \Vy,\}IE 

~ 4|«iJ7p| I V 7 , |/£ I ... (7.18) 

assuming that I 

If this was the case, then would be the loirest state, i >2 and Q representing 
the higher states in respective orders. It may be mentioned -again that the 
ferrimagnetic state D^, represents the situatiol. where negative A-B coupling 
dominates over B-B ; Dg represents the revorsi situation. The above analysis 
shows that the ferro-magnetic state Q is least liUcely, in agreement with observed 
cases. 

We shall, however, proceed further and investigate deeper into the specific 
nature of the excited orbitals y and 17 available in actual crystals of magnetic 
spinels and the like systems. After assessing the relative energies of the avail- 
able excited orbitals, and the magnitude of the hybrid exchange integrals 
a semi- quantitative discussion of the effective coupling in these systems will 
be given and compared with results. 

8. APPLICATION TO THE REAL SYSTEMS 

In order to have a semiquantitative discussion of the model and ideas deve- 
loped in the proceeding sections as related to spinel-like systems, we shall select 
a typical representative. Simple examples are Mn[Feg ]04 or y-Fe^Os, in which 
all the cations have d® configuration and can be assumed to exist in state. 

The first problem is the identification of y and rj type excited orbitals among 
the lowest available orbitals in the actual crystals. We classify these and 
ascertain their relative energies with respect to the full unit — ^A-O-Bg — shaving 

symmetry. In discussing the excited orbitals permissible for this point 
symmetry group, we shall be guided, as before, (Koide, Sinha and Tanabe, 1959), 
by two models. First we consider the “excitation model” which involves the 
transition of an electron to the lowest excited orbitals of the anion under the in- 
fluence of the crystal field of the appropriate symmetry. Second is the charge 
“transfer model” and describes transitions to such linear combinations of the 
empty cation orbitals which form base functions of the irreducible representations 
of the point symmetry group. The lowest lying among these are, of course, 
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most effective in the transition process (virtual in the present case) being con- 
sidered here. It may be added that from group theoretical point of view both 
models represent the same orbitals expressed in slightly different ways of appro- 
ximations. They should better be termed as localized crystal orbitals. 

The excited orbitals of 0^“ that may be considered on the basis of the 
“excitation model” are 3^, 3p and 3d, In order to have a rough estimate of the 
relative energy scale for these, we consider the effect of the four cations in the 
unit A-O-B3 (point symmetry treated as point charges, as well as the twelve 
oxygen ion neighbours (treated not as point charges but ions with a distribution 
of charge). 

The calculation is carried out by the usual method of crystal field theory 
(Bethe, 1929; Moffit and Ballhausen, 1956) where the potential is expanded in 
a series of spherical harmonics, the presence or absence of the terms being governed 
by the point symmetry group and certain group theoretical ideas. The matrix 
elements of the potential, thus expressed, were calculated by using the equivalent 
operator method (Bleaney and Stevens, 1953). The splittings of the orbital 
levels are proportional to <r2>/i?2, <f^>/2?* etc., depending on whether the 
orbital is p-type or d-type. Here V’ is the orbital radius and R is the distance 
of the neighbour in question, 

A knowledge of the radial part of the respective wave -functions is needed; 
however, it is very hard to determine this non-empirically. One can, at best, 
make a plausible approximation. From the work on excitons for certain systems 
(Knox and Inchauspe, 1959), it is known that, in the excitation model (Dexter, 
1951; 1957) the majority of the charge is confined within the equivalent sphere 
with its centre at the anion and the surface extending upto the cation centres. 
Keeping this fact in mind we choose the radial part of the wave-function by 
the following tentative method. 

For example for the 3d orbital, we assume that the maximum of the wave- 
function lies midway between the anion and the cation i.e., for the present case 
approximately at 2 a.u. distance from the oxygen centre. 

In view of the approximations used, it would serve no purpose to give here 
the details of the calculation. We only enumerate the nough results. Thus, with 
AO as the z axis and ON as the x axis, we get the following energy sequence ; 

3dz^'^3dxz 3d>yjg ^3p2{'<ci35’<c3jpa; = ^ 3d(x^-~y^) = 3dxp 

The energy of the 3dz^ is lowered by about 6 e.v. with respect to the continuum. 
It would therefore lie below the conduction band. Howvever, one cannot place 
too much reliance on the above figure. The important thing is the derived 
energy sequence and that on the excitation model, a proper choice for y would 
be 3dz* orbital and for if (A different choice of axes will not alter the essen* 
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fcial features; the orbitals will then be the appropriate linear combinations 
which preserve the symmetry and the sequence). It may be noted, in passing, 
that 3 d »2 as y and rj satisfy the requisite requirements taken into account 

in section 7. 

W© now turn to the charge transfer model in which y or ff are to be constituted 
out of a linear combination of empty cation orbil^s. For the cations considered, 
we take the 4s or orbital or an ap hydried of t^e 48 and 4p orbitals of the res- 
pective action having maximum charge density |pomting towards the anion and 
having axial symmetry. We denote them (foi^^ the unit A-O-B3) by 0 * 1 , (Tj 
and (r 3 respectively. They form base functions |Df a reducible representation of 
dimension 4 for the Ogy group. This can be dicomposed into the various irre- 
ducible representations (for the group theoroScal nomenclatures see Landau 
and Lifshitz, 1958). Thus : 


x{rm = 2x(A)+x{E)l 

Accordingly, we have the following combinati^s : 

== {««<Ti+«(<^i+^2+o'3)}/(Normalization) 

=== {a^cr4---a((7i4a’2+«r3)}/(Normalizatjon) J 


-= ((ri+<r*-2«r3)/V6 


} 


... ( 8 . 1 ) 

... ( 8 . 2 ) 

... (8.3) 


Among these some are of no physical interest for the unit A-O-Bg (Cf. Fig. 1 ) 
and we consider only three in the following approximate forms. 


= [G^<+(c^i+cra)]/V5 

= [^<-K+^^2)]/V3 


(8.4) 

( 8 . 6 ) 

( 8 . 6 ) 


Now is orthogonal to however, are not orthogonal to it. It 

can be easily seen that the overlap integral of with </> is much higher than 
that of with Thus, the energy of is pushed higher up due to mixing 
with ^ and the hydried exchange integral involving it would also be negligible. 
We can, therefore, safely disregard the effect of t/ft- Finally, wo select r/r^ and 
for y and y respectively. Since the non- orthogonality of rjra, with 56 is negli- 
gible, the orbital energies of rjia and rfr^ are expected to be nearly equal. Further, 
the hydrid exchange integrals involving and will not differ much. This 
situation leads to the case III dealt with in the Section 7. 

It may be emphasised that it is difficult to determine as to which of the 
two models described above furnish the lowest lying excited orbitals. Since 
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group-theoretically they ftre so akin, we shall adopt that model for a semi* 
quantitative estimate which appeals to our chemical intuition. Accordingly, 
we choose the charge transfer model and identify y with \/r^ and with rjr^. 

The arguments of case III, Section 7 shows that the doublet state Dj, which 
represents the state with antiparallel spins in A-B and parallel in B-B lies lowest. 
Dj, representing the reverse situation, lies between the quartet Q and If 
we consider the energy level in such a manner that Q represents the zero level, 
then (7.16) gives the position of Dj. In the following we give the estimate for 
the difference in terms of and i.e,, equations (8.4) and (8.6). Thus 

we have 


Q-D^ = 6{| I I \}IE 


... (8.7) 


Further, we use for <p, namely ~ 




(Pz+Pz)- 


The hydrid exchange 


integrals of the tjrpe <u^(t | gri 2 1 Pz'^i> have been evaluated in the previous paper 
(Koide, Sinha and Tanabe, 1959) for similar cations and anions. These are of 
the order of 0-01 a.u. or 0*27 e.v. for the separations involved in spinels. For 
determining E^(Ea—Eo), the ionization potential and electron aflSnity data 
for the cation and anions were respectively used. The order is of about 1 a.u. 
However, for the present purpose, we shall use the range 0.5 to 1.5, a.u.. Using 
these values the difference ^E ^ Q— is set out in Table 1. 


TABLE I 


E 

a.u. 

dkE 


a.ti. 


0.f> 

4x10-4 

125 

1.0 

2x10-4 

62.5 

1.5 

1.33x10-4 

42 


A reasonable estimate for (Q--Di) pertaining to the systems such as Mn Fe 204 
would be around 60°K, The above is for a single representative electron from 
each cation. No attempt is made to relate this difference with the Curie tem- 
perature of the ferrites. 


9. DISCUSSION 

The purpose of the analysis presented in the foregoing sections has been 
to explore the nature of indirect exchange interaction for ferrospinels on the 
basis of the meohanism proposed. The stability of the ferromagnetic and the 
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two ferrimagnetic states have been studied. It emerges from these considera- 
tions that the ferrimagnetic state, sympolized, by is most stable. In con- 
trast, the ferromagnetic state is least stable. This conclusion is in agreement 
with Neel’s assumption and also the observed situation in most ferrospinels 
where the negative A-B interaction is the most dmninant effect (Gorter, 1964). 

It may be pointed, however, that the stat^ symbolised by Dj (i.e., where 
B-B are antiparallel and A-B parallel), may Income important under certain 
conditions. If the situation as discussed in Cai|6 III of Section 7, prevails, Dg 
is more stable compared to the ferromagnetic pate Q. However, to ascertain 
as to when it dominates over Dj also, a precise mowledge of the excited orbitals 
is needed. It seems probable that may bec^e most stable when the cation 
at the tetrahedral site is in a low spin state as lompared to both the cations at 
the octahedral sites. | 

This paper does not assess the importancelof this mechanism as compared 
to others. The greatest difficulty for all mechtpisms lies in getting an accurate 
idea of the wave functions of electrons in cryjfels. Non-empirical calculations 
are obviously formidable. It is hoped that experiments may eventually resolve 
some of these difficulties. 
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A NOTE ON THE CROSS-SECTION OF THE LUMINOUS 
DISCHARGE CHANNEL IN A GLOW DISCHARGE 

KUMAEI D. V. NAGAMANI* and V. T. CHIPLONKAR 
Institute of Science, Bombay 
(Received, September 17, 1960) 

ABSTRACT. The variation in the cross-section x and the H.W.R. cf a lumincus dis- 
oharge channel has been studied for different points in the cathode dark space of a glow dis- 
charge in hydrogen and air. Results show tltat, 

(1) the cross-section x roaches a minimum value at some distonco Z in front of the 
cathode, 

(2) the value of the minimum crots-soction as well as its location in the cathode dark 
space is a function of the pressure, 

(3) both the H.W.R. and a; decrease with decreasing pressure for the range 400-262 
microns to 100-1.50 microns. Tor lower pressures the variation of the two para- 
meters is opposite in character. 

INTRODUCTION 

In a previous paper (Chiplonkar et al., 1967). it had been shown that signi- 
ficant changes occur, with decrease in pressure, in the cross section as well as 
the radial intensity distribution of the luminous discharge channel of a glow 
discharge in air, mostly in the abnormal regime of the discharge. Similar changes 
were observed when observations were made on the channel at different points 
in the cathode dark space. At low' pressures, when these changes are most 
pronounced, it was shown that the channel starts with a large cross-section, 
with a radial distribution of the flat maximum type (observed by Chaudhri 
and Baqui, 1952} and shows a progressive decrease in the cross-section as it 
proceeds towards the cathode. At the same time the radial distribution changes 
into an approximately Quassian form (Chiplonkar, 1940 and 1947; Kamke 1950). 
These changes are to be expected and are in general agreement with the theory 
of Kamke. An important observation made by ns that there is an increase 
in the cross-section of the channel in the immediate vicinity of the cathode, 
Bu^ested a more detailed investigation of this interesting aspect of the problem 
which it is the object of the present paper to report. 

■ ' ' 2. EXPERIMENTAL RESULTS 

The variation in the radial intensity distribution in the disoharge channel 
was studied as before^ (Chiplonkar, et al., 1957) at various distances in the 

* Working at present nl-tbe Indian Institute of Science, Bangalore. 
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cathode dark space, extend- ing the observation in some cases to points in the 
negative glow for diBcharge in air (voltages 0*68-9*80 KV, pressure 252-62 
microns, current = 1*0 mA) and hydrogen (Voltages 0*20-9*83 kV, pressures 
400-40 microns, current = 1*0 mA). For the above conditions electrical oscillations 
were not present he discharge tube. 


Following the procedure used previously, |bhe experimental results are dis- 
cussed with the help of the following paramet|rs. 

X = width of the axial region of the | 3 hannel over which the intensity 
is constant | 

Z = distance of the channel from tlfe cathode 
d = D.S.L. = length of the cathode Idark space 
H.W.R. == half width radius for the totall radial distribution as measured 
directly from the microphotomefer curves. 

A few typical individual observations are giveil in Tables I-III and Fig. 1 , while 
the final results are presented in Table IV. f 



3. DISCUSSION 

The value of x and the half width radius (H.W.R.) can be taken as an ade- 
(^uate measure of the localisation of the discharge channel. An increase in the 
localisation being equivalent to a decrease in both the cross-section parameter 
X and the H.W.R. for the distribution. It will be noticed that in the case of all 
the observations reported here, the cross-section x of the discharge channel 
attains a value for some point in front of the cathode. The variation 

of a; 0 , the value of the cross section at the cathode, and of the minimum value 
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TABLE I 
Discharge in air 


H-r =« 0.14 KV, 

Z(nun) 

i = 1.0 mA 

53 microns d = 60 trim 

£r.W'.H.(mm) 

0.0 

07.4 

16.0 

3.0 

06.2 

14.1 

8.0 

06.1 

13.0 

16.0 

04.6 

14.0 

26.0 

04.3 

14.6 

80.0 

04.1 

16.6 

35.0 

04.8 

16.0 

40.0 

04.7 

16.8 

46.0 

04.7 

16.5 

60.0 

06.6 

17. 0» 


TABLE n 

Discharge in hydrogen 

B T = 0.84 KV 

, t = 1.0 mA 

p 165 microns d es 22 min 

Z(mms) 

fl;(mms) 

H. W.Bimma) 

0.0 

14.0 

9.2 

3.0 

13.0 

14.2 

6.0 

13.0 

11.1 

0.0 

12.0 

12.0 

12.0 

12.4 

16.0 

16*0 

12.6 

16.8 

18.0 

13.2 

11.4 

21.0 

15.1* 

13.4 

23.0 

17.6 

17. 0* 
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TABLE in 
Discharge in hydrogen 


4.14 KV 

i a= 1.0 mA 

p » 57 microns d 

Z(mm) 

2 r(mm) 


0.0 

4.6 

8.8 

3.0 

4,0 

0.3 

6.0 

3.9 

10.5 

10,0 

3.6 

10.8 

15.0 

3.5 

9.4 

20.0 

2.7 

7.6 

25.0 

2.1 

7.8 

30.0 

2.1 

6.8 

35.0 

2.6 

7.6 

40.0 

2.7 

— 

45.0 

3.2 

— 

50.0 

3.1 


56.0 

4.1 



* Kadius of the discharge tube ^ 17.0 mm. 


of X with pressure in the case of the two cases, shown in Fig. 2, are observed 
to be quite similar. Both of them show a minimum value for values of p^50 
microns. That there is a significant change in the state of the discharge at this 
pressure is indicated by Fig. 3 which shows the variation in the location of the 
minimum, with the pressure in the discharge tube. In the high pressure region 

90 



so 100 190 900 2 SO 900 990 400 

miiuMi m MICRONS 

Fig. 2. Variation in the oross-sootion of discharge channel ^ith pressure for dtschaige in air 
and hydrogen. 
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Fig. 3. Variation in tho position of Xmin with pressure for discharge in air and hydrogen. 

(400-250 microns to 50 microns) the position of the minimum moves away from 
the cathode as the pressure is reduced. Its distance from the cathode reaches a 
maximum value at about this pressure; there are definite indications that it 
shows a sharp movement towards the cathode for pressures lower than this 
value. 

The gradual constriction tlie discdiarge channel from its origin at the 
beginning of the cathode dark space towards the cathode, could be explained in 
terms of the processes visualised in Kamke’s theory (Kamke 1050). The increase in 
the cross-section in the neighbourhood of the cathode and its peculiar dependence 
on the pressure described above, however, may be taken to indicate the occurrence 
of a new process (like the photoelectric emission from the cathode) which is 
independent of the radial distribution of the positive ions coming towards the 
cathode. The positive ions and/or the fast neutral particles that enter this region 
have high velocities and therefore are not expected to be sensitive to changes 
in the nature and the distribution of the space-charge in this region; for although 
there is a net positive space-charge in the region of the cathode dark space, it 
is likely that the space-charge becomes electronic in the immediate vicinity of 
the cathode. 

The variation of the H.W.R. with the pressure under the same conditions 
is shown in Fig. 4. The observations reveal that for the range of pressures 
(400-260 to 100-160 microns) there is a decrease of the H.W.E. with decreasing 
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pressure, ft vftrifttiou which is siiuilftr to the one observed for tho x vftlues for 
these pressures. The variation in the lower pressure range is, however, very 
peculiar; after reaching a minimum value for p^lOO-160 microns the H.W.R. 



Pig. 4. Variation in the value of H.W.R. (at Z — 0) with pressure for discharge in air and 
hydrogen. 

rises to a maximum for p~50 microns (the same pressure for which x attains 
its rn inimiiTti value) after which there are indications of a sharp fall. The physical 
significance of this observation does not seem to be clear at this stage. 

REFERENCES 

Chiplonlar, V. T., Mangaly, J. and Kum. Nagamani, D. V., 19.'>7, Proc. Ind. Acad. Sci., 
46, 272. 

Chaudhri, R. M. and Baqui, M. A., 1952, Proc. Phye. Soe, {Land,),, 65B, 324. 
Chiplonkar, V. T«, 1940, Proc. Ind. Acad. Sci. 12, 440; 1947, 26, 453. 

Kamke, D., 1050, ZeUt. f. Phyaik, 128, 212. 






14 


LIGHT SCATTERING IN CELI^ULOSE ACETATE 
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S. R. SIVARAJ|N 
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{Received, December 2ol 1960) 


ABSTRACT. A detailed investip^ation of the liAt scattered by solutions of blank and 
dyed samples of collulose acetate in acoiono has been parried out. The method developed 
by Horn et aL has been employed for tho estimation of molecular length L of the cellulose 
acetate moloculos from the observed depolarisation factor Pi, and the angular distribution 
of intensity. In a solution of dyed samples the dye molecules cause a shielding betu^een 
the dyed rnoleoiilos, thus producing a deorease in intermolecular interaction. Dyeing in general 
causes a straightening of the wave-like form of tho cellulose acetate molecules thus producing 
an increase in molecular length. In this respect surface dyeing is less effective than eitlier 
the intori Dr dyeing or full penetration. The dispersion of depolarisation pf, and dissymmetry 
Z of the scattered light from those samples have also been discussed from considerations of 
intermolecular and intramolecidar interactions. 


INTRODUCTION 

Light scattering studies on solutions of cellulose acetate in acetone were 
carried out for the first time by Doty and Kaufman (1946). A more extensive 
study on cellulose acetate was made by Stein and Doty (1946). They deter- 
mined the particle size, shape and molecular weight of cellulose acetate in 
acetone and established that the smaller molecules were fully extended in solu- 
tion i.e., the molecules were more or less rod-like, but the larger ones were built 
up in the form of gentle waves. 

The present work on the scattering of light in cellulose acetate solutions 
was undertaken in order to study the effect of dyeing on cellulose acetate. Here 
the cellulose acetate molecules will be assumed to be rod-like after Stein and 
Doty (1946) because the theory of light scattering has been thoroughly dealt 
with for rod-shaped particles. 


* Communicated by Prof, R. S. Krishnan. 
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2. PREPAKATION OF SAMPLES 

The cellulose acetate used here is a secondary cellulose acetate staple fibre 
soluble in acetone and only about 2.5 groups on an average are acetylated. For 
practical purposes this has been taken as blank cellulose acetate fibre. 

The dyed samples of cellulose acetate were prepared in the following manner. 
The samples were deposited by double decomposition technique for PbCr04, 
Pbl2 and Ag. The washed and boiled fibres were immersed in saturated lead 
acetate solution for a few hours, the excess liquid was squeezed out and then 
the fibre was immersed for a few hours in 5% K^CrgO^ for getting PbCr04 deposits, 
fibre+PbAc====s^PbAc+fibre+K2Cr207====#PbCr04 on fibre KAc etc. The fibre 
was immersed in polyiodide solution for Pbl2 deposits. For Ag deposits, the 
fibres were immersed in AgNOj solution for a few hours and the excess AgN03 
solution was squeezed out. The fibres were then immersed in boiling 3% glucose 
solution, whereby reduction of Ag was completed. Fibres were all finally 
thoroughly washed, soaped and boiled in water, dried and combed out to remove 
loosely adhering particles. 

Three types of dyeing were employed. 

(a) Fully penetrated : This was accomplislied by prolonged soaking of 
the fibres (1 week) in each of the solutions used. 

(b) Interior dyed : These samples were obtained by stripping of from the 
fibre surface the deposits formed there using dilute acid for 16-25 seconds. 

(c) Surface dyed : These were obtained by immersion in each of the solu- 
tions used for 15-30 minutes. 


The dye deposits in the surface dyed samples are in the grooves of the surface 
only. Interior dyed fibres contam deposits only in the channels inside the fibre, 
while the fully penetrated dyed fibres are interior and surface dyed. 


The eleven samples obtained are the followiixg : — 
Blank cellulose acetate 

2 PbCr04 on cellulose acetate (fully penetrated) 


>1 


4 

9> 

9) 

6 

Pbl, 

99 

6 


99 

7 


99 

8 

Ag 

99 

9 


99 

10 

Ag 

99 

11 

ff 

99 


(surface dyed) 
(interior dyed) 
(fully penetrated) 
(surface dyed) 
(interior dyed) 
(fully penetrated) 
dev with HjOj. 
(surface dyed) 
(fully penetrated) 
dev with glucose 
(enirfaoe dyed) 



Lifi^ 'Bcct^r^g-in O^'tdost Ac^^e S^tUions 

10 mgs of each sample was carefully weighed and dissolved in 100 ml of double 
distilled analar acetone. This was taken as the parent solution. Its concen- 
tration was obviously 0-01 gm/ml. The lower concentrations of the samples 
were then prepared by ^utmg the parent solutten adding known volumes of the 
solvent. In this marnner for each sample, four^different solutions with concen- 
trations (0*01, 0*005, 0*0025 and 0*00125 gm/lOO cc) were prepared. 

These samples were prepared at the chemical laboratories of ATIRA and 
the physical measurements were carried out af the Physics Department of the 
Indian Institute of Science. 

3. EXPERIMENTAL IdETAILS 

Th® measurements of the intensity of sciittoring were carried out with, a 
phptoelectric photometer constructed here. Me optical arrangement is 
conventional type. A RCA 931 -A photomultiplier tube served as a detector 
A cathode follower amplifier was used, to amp^y the current from the PM. A 
balanced arrangement was employed to minimi^ the drift voltages. The ampli- 
fied output was read on a microammeter or oh s* sensitive galvanometer when 
more accuracy was required. The readings obtained with this instrument were 
found to be quite reliable. This was checked by comparison with a Brice-Phoenix 
instrument. 

Provision was made for interposing polaroids in the incident and scattered 
sides for getting vertically and horizontally polarised components. The sensiti- 
vities of the photomultiplier set up for vertically and horizontally polarised 
light were measured and the differences were found to be usually less than two 
per cent. Necessary corrections were made in the readings taken with the instru- 
ment while_working with cellulose acetate solution. 

The sample t^ be studied was kept in a cylindrical glass vessel which was 
provide^^ mt^ ftq,t|iehed openings for entrai^ce and exit of jthe , incident beam. 
Measurements of the angular distribution of the intensities of the three com- 
ponents Fy, Vh and * of the scattered light >vere carried out for the follow- 
ing values of the scattering angle d; 45°, 55°, 65°, 75°, 90°, 105°, 115° and 
wl25^ from the forwfw*d direction. For each sample the angular distribution of th6 
intensity of scattered light were measured for three different wavelengths, namely, 
436» A, 5461 A, 5790 A and for four different concentrations. All the readings 
Mrere converted to the same arbitrary unit. These values were corrected for 
elective volume by multiplying them by the corresponding value of sin > 6^.^ 

1 j » " . ' 

4. RESULTS , 

« ’ i ) y » . I . . < ' ^ * 

. > Z^abte I giyos tii^e corrected values of intensity of scattering for various anglei|i 
il9r.;t}|e'/#iFee components for one typical case, namely, PbCr 04 on cellulo^ 
acetal^. (mterioi; dyod) of concentration 0'006 gm/100 cc at 6461 A. 

6 
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TABLE II 


Particle length 


No. 

Samples 

Lfingth A . 17 . 

1 . 

Blank oelluloso acetate '• 

560 

2 . 

PbCr04 (F, Penetrated) 

430 

3 . 

PbCrO. {S. Dyed) 

960 

4 . 

PbCr04 (l.Dyed) 

1280 

5 . 

PUT2 (F. Penetrated) 

980 

e. 

Pbla (S. Dyed) 

640 

7 . 

Pblj (I. Dyed) 

1040 , 

6. 

Ag (P. Ponotratd^d) dov, H2O2 

.1165 

9 * 

Ag (S. Dyed) 

900 

10 . 

Ag tP* Penetrated) dev. glucose 

1200 

11 . 

Ag (S. Dyed) 

lieo 

taking the total ini^nsity of the components i.e., (F*^-2Fi+iffJ) for each angle. 
■®ypioal ' Tesnlts obtained with eleven samples for one concentration, namely 
0*i)05 gm/100 eo., are given in Table HI. ;.i,; 



Light ScdU'criAg in 'Cdluldst ^olufions iJllJl 


TABLE III 

Depolarisation. Pi,%, dissymmetry Z 


Samples 

No. 

Dimen- 
sions 
* AU 

4358A 

5461 A 

579oA 

1 

4.398A 

546iA 

579oA 

* Total 

intensity 
at W 1 
fer 5461A 
'zero oonen. 

1 

.560 

9.8 

5.5 

7.0 

4.^8 

5.17 

3.59 

190^^ 

2 

430 

6.5 

6.1 

6.4 


4.94 

3.45 

90'’ 

3 

960 

25.0 

21,0 

24.4 

2.j54 

3.18 

2.35 

' 1 

155 

4 

1280 

24.0 

19.6 

24.0 

i.i3 

2.42 

1.60 

180 ^ 

5 

980 

33.3 

30.6 

26.4 

l.ibO 

2.46 

1.80 

185 

6 

640 

8.7 

9.5 

8.5 

2,io 

3.69 

2.80 

120 

7 

1040 

25.0 

23.0 

27.0 

2*69 

3.01 

2.43 . 

130 

S 

1165 

29.0 

30.3 

29.0 1 

2.15 

2.80 

2,09 

150 

9 

900 

11.6 

9.3 

11.2 

2.69 

3.37 

2.56 

130 

10 

1200 

28.9 

27.3 

26.0 

1.93 

2.76 

1.95 

190 

11 

1160 

34.7 

28.7 

31.2 

2.13 

2.90 

2.08 

170 


5. DISCXTSSTON '* 

T1. is well known that tlic dissymmetry of scattering arises from interferences 
due to interaction of waves scattered hy different ])arts .of the molecule (intra- 
molecular) and also due to the interaction between the waves originatiiig from 
different molecules (intermolecular). 

The dependence of dissymmetry on concentration assuming the hafd sphere 
model has been given in an approximate form by Oster (1949) and Doty et ah 

(1961). This can be written as Z = ^ j where is the dissymmetry 

at zero concentration. This equation can he extended to the case of' rods. 

From the above equation it is evident that the presence of intermolecular 
effect is to increase the dissymmetry with wavelength and is proportional to 

( 1 ^ J Mommaerts (1951, 1957), Oster (1948, 1949). The presence of intra- 

molecular effect is to decrease the dissymnietiy as the wavelength increases 
and is proportional to 1/A (Horn, et al,, 1951). At finite concentration these two 
effects will contribute to the total dissymmetry and hence the dispersion of dis- 
symmetry may not be linear. This has been observed experimentally. 

It is seen from the figure of dissymmetry against L/A' for various values 
of 8 (Horn 1965) that for one value of Z, 8 increases as L/A' increases, i.o., 8 in- 


142 


N» K, Svbmmnim aud 8. B, Sivarajan 


creases as A decreases at infinite dilation. But /?, = 35*/64-4^*. Therefore 
p, increases as A decreases. From the same figure we also note that for any one 
value of LjX dissymmetry increases as p, decreases. Thus the variation of 
depolarisation factor p, with wavelength is opposite to the variation with wave- 
lengtii of dissymm^. 

In Table II are given the estimated values of the molecular length of eleven 
cellulose acetate samples. It is seen that the lengths of the dyed samples are 
in general greater than that of blank cellulose acetate sample. This increase 
in length of the dyed samples can be explained as a straightening of wavelike 
form of cellulose acetate chain as the dye penetrates into its pores. The lengths 
of the cellulose acetate molecules in fully penetrated sample and interior dyed 
sample are neariy the same but greater than that in surface dyed samples. In 
the case of sample 2, vide Table II, the micellar length comes out to be smaller 
than the corresponding values of the other samples. The depolarisation factor 
/), is also the lowest for this sample. In the process of preparing the fully pene- 
trated dyed sample, the micelles appear to have broken into smaller sizes. 
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ABSTRACT, The absorption spectra in the near ultraviolet region dne to singlet—^ 
triplet transition in the vapours of o-chlorotoluene, p-chldrotoluene, m-bromotoluene andp-bro* 
motoluene at 24*^0 have been invostigated using a path length of 18,0 metres at the respective 
saturation vapour pressures and these spectra have been compared with those for the equiva- 
lent path lengths of the liquids. It has been observed that the absorption due to singlet— > trip- 
let transition is of continuous nature and the long wavelength limit of maximum absorption 
in the liquid state is found to be at about 29000 cnri for all the compounds, but in the case 
of the vapours the limit is shifted towards higher frequencies, the shift being smaller for the 
para compounds than for the ortho or meta compounds. It has been concluded that singlet 
-4 triplet transition is enhanced by the influenoo of heavy atoms of the surrounding 
molecules in the liquid state. 


INTRODUCTION 

Kasha (1952) reported that the very weak singlet-^triplet absorption bands 
of a-chloronaphthalene is strengthened considerably in solution in ethyliodide, 
and he attributed this to an intermolecular spin-orbit perturbation due to the heavy 
iodine atom (Z-effeot). Later, McClure tt al, (1964) also observed the Z-effect 
in singlet->triplet absorption bands of halogen substituted benzenes and naph- 
thalenes and put forward a simple theory to eiqplain it. The dependenee of in- 
tensity of continuous absorption due to singlet-^triplet transition on the atomic 
number of the substituent atoms in the case of some halogenated toluenes in the 
liquid state was also studied by Roy (1960). 

It was first shown by Evans (1966) that the discrete absorption bands 
around 3300 A observed by previous workers in the spectra due to long absorption 
path of liquid benzene disappear when the dissolved atmospheric oxygen is remo- 
ved from the liquid. He next studied (Evans, 1957a) the absorption spectra of 
solutions of benzene, fluorobenzene, diphenyl, styrene and fluorene in ehloroform 

^Cominunioatsd by Professor S. C. fiirkar. 
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saturated with oxygen gas at high pressures and observed some discrete bands 
due to singlet triplet absorption in most of the cases. He further observed that 
in the case of solution of a-bromonaphthalene there was only continuous absorption 
in the regioh 4000A— 5()00A,but when the solution was saturated trith oiygen 
gas at a prepsure of ,7d atmospheres sharp bands appeared in this region without 
appreciable rise in the absorption coefficient. On the other hand, he observed 
that when a ().6M[" solution of naphthalene in chloroform, was saturated with 
oxygon gas at different pressures up to 1(K) atmospheres, the absorption coefficient 
increased proportionately with the increase in the pressure of the gas. 

Robertson and Reynolds (1958) carried out an interesting experiment to 
prove the corn'ctiless Of the theory of probability of singlei- 4 triplet transition 
put forwartl liy McClure (1940, li[)5^) and by Mizusliima and Koide (1952). Kasha 
(1952) had suggested that the probability of singlet— ►triplet transition is enhanced 
when the molecules arc surrounded by heavy atoms owing tp the perturbation 
.of the spin-orbital coupling by ilio heavy atoms. Since the spin-orbital coupling 
operator depends ou the inverse third power of the distance between the /r-eloctrop 
aud the heavy atom, Kasha (1952) suggested that hydrostatic pressure would 
increase the perturbation. Rolx^rtson and Reynolds (1958) subjected a mixture of 
fl^-chlQronaphthalene and ethyliodidc to pressures ranging from 1 to 3044 atrnos- 
phorc^s and observed that t here was a two-fuld increase in the singlet -^triplet 
absorption with the increase of pressure mentioned above. In the case of pure 
dt^chloronaphthaleiie, howwer, the singlet— ►triplet absorption was much weaker 
and no such pressure effect was observed. 

The perturbation of the^ spiii-ofbital coupling by the magnetic field of 
surrounding paramagnetic molecules in the gasc^ous state was first observed by 
Kvans (1957b). He introduced in the absorption coll containing vapours of 
either benzene or fliiorobenzone at a pressure of 70 mm of Hg oxygen gas at pre- 
ssures up to 130 atmospheres and observed intense absorption bands in the region 
3000 A— ^3400 A. The influence of neighbouring molecules of the same kind on 
sueh singlet— ►triplet absorption was, however, not known and it was recently 
investigated by Sirkar and Roy (1960.) using long absorbing paths of the vapour, 
it was observed by them that benzene vapour at a pressure of 120 mm and with 
path length 18.90 metres shows only very feeble conimuous absorx)tion in the region 
^000 A — 3400 A ami an equivalent path length of liquid benzene shows very slightly 
/stronger absorption in this region. Tu the ease of o-bromotoluene vapour with 
similar path lo^gth, however, the continuous absorption in the region 3400 A — 
was observed to be nmch stronger and it increased considerably when an 
equtvjatenti p^tl^ length of ^the liquid was used. These results diow that the spin-; 
orbital coupling of the 7r-electron is perturbed by heavy atoms, in surrounding 
molecules of the same kind. In order to fiifd out whether such a‘ generaf con- 
clusion can be drawn from these results, the investigations have been extended 



A Comparative Study of Singht-^TripUt Ahscyrpiion, etc. 145 

to a few other substituted benzene compounds and the re cults have been discussed 
in the present paper. 


EXPERIMENTAL 

The substances selected for studying the absorption spectra due to singlet -> 
triplet transition in the present investigation are orthoohlorotoluene, parachloro- 
toluene, matabroinotoluenc and parabroinotoliteiie. Cheniically pure samples 
of o-chlorotoluene and ;>-chlorotoluene obtained from British Drug House, 
England, j^-brornotoluene obtained from Fisher Scientific Company, LT.8.A. and 
m-bromotoluene from City Chemical Coqioratiojl, New York, U.S.A. were distill- 
ed several times under reduced pressure before b^ing used in the investigation. 

The experimental arrangement was the sanjic as that employ i»d in an earlier 
investigation (Sirkar and Roy, I9fi(l). The absibryition spectra of the substances 
in the vapour state w'ere photographed first 'by tilling up the absoiption cell, 
18.90 metres long, wuth the vapours of the compounds at the saturation pressures 
at about 24'^C. The pressure was measured <^arefully with a differential mano- 
meter and tin? short/ empty cell for the liquid was also placed in the path of light 
in order to take into account the loss of incirlent light during its passage through 
this empty ciell. The pressure w'as found to he about 56 mm for the bromo- 
toluenes and about 5()mm for the chloro toluenes. After photographing the 
absorption spectrum of the vapour of each of the comjiounds the long vapour 
cell was evacuated and the short cell of length 7 mm for the bromo compounds 
and 6.5 ram for the (hloro-compounds was filled with the distilled liejuid and the 
absorption spectrum of the li((uid was pliotographed on f he same film with the 
same time of exposure and under identical conditions. In order to test the 
genuineness of the absorption observed in case of the substances in the vapour 
state with a path length of 18.90 metres, the ab8ori)tion spectra were also studied 
for shorter path lengths. Using a path length of 9.46 metres, the absorption 
spectrum of ^-bromotoluene in the vapour state was, therefore, photographed and 
compared with the spectrum for a path length of 3.6 mm of the liquid. A Hilger 
medium quartz spectrograph and Agfa Tsoj)an films w'ere used to photograph 
the spectra. The time of exposiue w^as about 10 hours in every case. Iron arc 
spectrum w^as photographed in each spectrogram as comparison. Microphoto- 
metric records of the spectrograms were obtained with a self-recording microphoto- 
meter supplied by Kipp and Zonen. The wavelengths in the continuous ab- 
sorption spectra were measured by drawijig a sharp line on the film in the position 
of a known iron line in the adjacent iron arc spectrum ajxd comparing the micro- 
photometric records of the iron arc and absorj>tion spectra. 

REStTLTS AND DISCUSSION 

The microphotometric records of the absorption spectra due to pure meta- 
bromo toluene and parabromotoluene in the liquid and vapour states are repro- 
6 
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duced in Figs. 1(a) — 1(<1), respectively, and the absorption spectra due to pore 
orthochJorotoluene and parachlorotoluene iu the liquid and vapour states 
are reproduced in Figs. 2(a)— 2(d), respectively. Figs. :i(b) and 3(a) show the 
spectra due to path lengths of 9.4r) metres of p-bromotoluene in the vapour state 
and 3.6 mm of the licjuid respectively. The reference line in the records has the 
wavelength 4051 A. 

• 4051 A 



26 28 30 32 34 X 10» 

p in cin’i 

Fig. 1. (a) m>Bromotoliiene (liquid) ; 

(^) ” (vapour) 

(c) p- Bromotoluone (liquid) 

W ’* (vapour) 
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The microphotometri(5 rerords of the absorption spectra reproduced in 
Figs. 1 and 2 show that in the cases of all the four compounds the absorption 
spectrum due to the liquid is displaced towards red with respect to that due to 
the vapour phase. This shift is however, different for the different compounds. 

4051 A 



26 28 30 32 34xl0s 

^ p in oin"i 

Fig. 2. (a) o-Chlorotolueno (liquid) 

(6) ” (vapour) 

(c) p-Ohlorotoluono (liquid) 

(d) (vapour) 
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A comparison of the curves in Fig. ] shows that the spectrum clue to the 
parachlorotolueno in the vapour state is shifted towards red by about 1000 cm“^ 
with respect to that due to the ortho compound in the vapour state. Similarly, 
Fig. 2, shows that the spectrum due to 7 >-bromotoluene in the vapour state is 
shifted towards red by about 5()(> (un ^ with res])ec*t to that due to the meta 
compound. When the vajiours are licpieficd there is further shift of the spectrum 
towards red, but although in the ease of o-chlorotoluene the position of maximum 
absoi’ptiou on th(i long wavelength side shifts from 31000 cni”^ to 29000 cm“^ 
with the licpiefacition of the vapour, such shift is from 29600 cm“^ to 29000 cm“^ 
in the case of p-chlorotoluene. In the case of ^^-bromotoluene, on the other hand, 
such shift is from 30000 cm~^ to 29(W) cm"^ and in the case of ?n-bromotoluene 
the shift is a little more, being from 30500 cm“^ to 29000 <*.nr ^ As the 0,0 band 
due to singlet-^singlet transition occurs in the neighbourhood of 36000 cm 
(Roy, 1956) in all these eases, the absorption in the region of 30000 cm“^ cannot 


4051 A 



— > in om-i 

Fig. 3. (o) p-Bromotolueno (liquid) 
(^) (vapour) 
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b6 due to an extension of the singlet-->ainglot absorption towards longer wave- 
lengths, and therefore, it is due to singlet-~>triplet transition. A comparison 
of Fig. 1(d) with Fig. 3(b), further shows that when the path length of the vapour 
is halved, the absorption in the region from 30000 to 31000 cm-^ diminishes 
considerably. This shows the genuineness of the absorption due to the longer 
path of the vapour. 

It is evident from the above results that probability of such transition is 
enhanced much more in the case of ortho or n|e1a halogen substituted toluenes 
than in the case of the para compounds, when ;the vapours arc liquefied. It is 
to be pointed out further, that the wavelength limit of maximum absorption in 
the liquid state is almost at the same ]>osition (about 29000 cm ^) in all the four 
cases. It is evident from these results that th<^ enhancement of singlet— ►triplet 
absorption with the liquehiction of the vapour is«duc to the influence of the substi- 
tuent halogen atoms in the surrounding molecules in the liquid static because in 
the case of benzene such enhancuiinent. is extremely small (Sirkar and Hoy, 1900) 
The difference observed in the ease of the para compound and that in the ease 
of ortho or meta compound can be ex])laincd oh the hypothesis that as in the ease 
of the para compound the halogen atom is far away from the CH^ group it acts 
as a better shield against the interaction betw een the 7 r-eIectrons of the ring and 
the halogen atom of the neighbouring molecule than in the case of the ortho or 
meta compound. In the ortho compound, the Tr-eleetrons in consecutive four 
carbon atoms being exposed to the influejice of the halogen atom in the neighbour- 
ing rnolecTilo, there may be greater chance of the perturbation of the spin-orbital 
coupling than in the case of the para compound. 

It can be seen from the curves in Figs. 1 and 2 that the absorption spectrum 
due to singlet —►triplet transition is of coniinuous nature. As mentioned earlier, 
some previous workers observed discrete? bajids due to sijiglet->trij)lel transition 
induced by the influence of paramagnetic molecules on the Tr-electrons. It is 
liighly probable that some preferentially oricjitated magnetic field due to the 
paramagnetic molecules produces such quantised new levels of the Tr-electrons 
while in the field of surrounding heavy atoms, such field has only random 
orientation giving rise to very broad perturbed levels. 
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It 

ABSTRACT. Th ) infrarod spoctra of o-brotuoph^ol in fho liquid state and in solutions 
in carbon tetrachloride, cyclohexane and chloroform iii the 8200-3700 cm~i region have been 
studied witli a Perkin-EIinor Model 21 spectrophotoilketor. As regards the OH band, the 
pure liquid exhibits a broad absorption bond at about 3460 while sharp [loaks at 3522, 
3522 and 3490 cni't aro exhibited by 3% solutions of the compound in carbon tetrachloride, 
cyclohexane and chloroform respectively. Jn the cose of 12% solutions in carbon tetrachlo- 
ride and cyclohexane, sharp peaks at 3474 and 3484 cin*i are observed. In each of tliese 
two cases there is also an inflexion at about 3540 cm-i. 

It has been concluded that in the liquid state most of the molecules are present as dimers 
as suggested by^ Pauling and in the case of the dilute solutions the majority of the molecules 
are single, Tt has been pointed out that an i<lea of relative abundance of associated mole- 
cules and single molecules can bo found from a comparison of the areas of the absorption 
peaks due to theso two types of molecules present in concentrated solutions. 

INTKODUCTION 

In explaining the infrared spectrum of o-chlorophenol, Pauling (1945) 
pointed out that the liquid may contain double molecules formed through 0-H...0 
intermolecular bond, while the OH group and cdilorine atom of the same molecule 
may be linked in the cw-position. In a recent investigation on the infrared 
spectra of dilute solutions of o-chlorophenol in carbon tetrachloride and cyclo- 
hexane (Sirkar ei al, 195S) it was observed that the intermolecular hydrogen bond 
in associated molecules breaks up in dilute solutions. Davies (1940) studied the 
infrared spectrum of o-bromophenol in dilute solutions in carbon tetrachloride 
and observed a band at 3620 cm'*^ and a weaker one at 3595 cm which were 
assigned by him to the 0-H frecpioncies in the case of the OH group respectively 
in cis- and travs-iiOBition with respect to the bromine atom in the same molecule. 
Similar investigations in the first harmonic region were also reported by Wulf 
et al. (1936). They, however, did not report any data for the pure liquid. In the 

^Communicated by Professor S. C. Sirkar. 
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present work it was, therefore, intended to study tJic nature of hydrogen boi^ding 
in o-bromophenol in the liquid state and the influence of environment on the 
population of such associated molecules, and the infrared spectra of o-bromophenol 
in the liquid state and in solutions of different (joncontrations in carbon tetra- 
chloride, cyclohexane and chloroform, have been studied. The results have been 
discussed in the present paper. 

KXTEKIMENTAL 

Chemically purc^ o-bromophenol purchased from E. Merck was fractionated 
and the proper fraction was collected and redistilled under reduced pressure. 
Carbon tetrad 1 1 oride, cyclohexane and chloroform used as solvents were also of 
chemically puni quality and were also distilled uiuler reduced pressure before use. 

The infrared spe(!tra were recorded with a double beam Perkin-Elmer Model 
21 spectro])hotometer with rocksalt o])tics. The slit was adjusted at 927, The 
instrument was placed in an aircondiiioned room maintaiiUHi at a temperature 
of 26"C. 

The strengths of solutions used wxwe 3% and 12% for solution in carbon 
tetrachloride and cyclohexane and 3% for solution in chloroform. The thickness 
of the cell was O.l mm in the cast' of dilute solutions and 0.025 nnn in the case of 
the concentrated solutions. The spectrum of the pure liquid was recorded using 
a thin film of the liquid pressed between two rocksalt plates. Jn stuflying the 
spectra of the solutions, the bands of the solvents were eliminated by using an 
equivalent' compensation cell containing the solvents in the reference beam. 

RESULTS AND DISCUSSION 

The absorption curves duo to o-bromophenol and its solutions in carbon 
tetrachloride, cyclohexane and chloroform are reproduced in Figs. 1 and 2. In 
the case of the pure liquid broad absorption extending from 3559 cm ^ to 3200 
cm ^ is observed which suggests that the abs()r‘j)tion curve is produced by super- 
position of more than one broad bauds. The maximum of absorption is at about 
3450 cm ^ wdiich is broadenefl towards lower frequencies with a gradual fall in 
intensity. In 3% solution in carbon tetrachloride and cyclohexane, however, 
the intense broad band at 3460 c,m“^ is totally absent and only a sharp peak 
at 3522 cm ^ is observed. Davies (1940) observed a band at 3520 cm“i and a very 
much weaker band at 3595 cni”^ in the speidrum of .09M solution of o-bromo- 
phenol in carbon tetrachloride. He attributed the first band to the 0-H 
vibration in the OH group in the ci6*-position with respect to bromine atom 
and the second one to the O-H group in the <mw,s-po8ition. On comparing these 
results, it appears that the intense broad peak at 3460 in the pure liquid may 
represent the 0~H vibration in the dimeric molecules present in the liquid, the 
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hydrogen atom of the OH group of a molecule being attached, to the oxygen atom 
in a neighbouring molecule (Pauling, 1945). 



Fig, 1. Infrared absorption spectra of o-bromophenol 
Curve I, Pure liquid , 

Curve II. 3% solution in chloroform 

Curve III. 3% solution in carbon totraohloride 

Curve IV. 3% ** ” cyclohexane 

When the molecules are dispersed in 3% solutions in carbon tetrachloride and 
cyclohexane, the intermolecular bond is broken and the observed fre- 

quency at 3522 <?m“^ represents the 0-H stretching oscillation in the OH group 
in the single molecule. As pointed out in a previous paper (8irkar ei aL, 1958) 
this freqtiency may not belong to configuration. The peak due to solution in 
CCI4 is, however, much larger than that due to the solution in cyclohexane. This 
shows the influence of the environment on the strength of absoqition . The weak 
OH stretching band assigned to molecules reported by Davies has, however, 
not been observed in the present investigation. In 3% solution of o-bromophenol 
in the polar solvent chloroform, the OH vibrational frequency is only at 
3490 cm“^, which may indicate an influence of the field of the polar solvent 
molecules on this frequency of the dispersed molocules of o-bromophenol. 

When the concentration of o-bromophenol in carbon tetrachloride and 
cyclohexane is increased to 12%, sharp peaks at 3474 and 3484 cm"^ respectively 
are observed. In this case the strength of absorption is also relatively higher 
than at 3522 in the case of the 3% solution with equivalent path length. 
This peak is accompanied in each case by a weak inflexion at about 3540 cm"^. 
Thus the concentrated solutions in both the solvents seem to contain large number 
of dimeric molecules and a few single molecules and the two frequencies due to 
7 
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each of these 12% solutions probably represent OH stretching oscillations in 
intermolecular 0H...0 bonded group and in the OH group in the ^mn^^position in 
the single molecule as pointed out by Sirkar et al, (1958). 

It is interesting to note that the results discussed above give definite indi- 
cation of the predominance of dimeric molecules in the pure liquid state of 



Fig. 2. Infrarod absorption spectra of o-bromophenol 
Curve I. Pure liquid 

Curve II. 12% solution in carbon tetrachloride 
Curve III. 12% solution in cyolchexane 

o-bromphenol and also give an idea about the relative abundance of dimeric mole- 
cules over the <mn«-type single molecules in the case of solutions of concentration 
above 10%. In fact, a quantitative estimation of the relative population of 
0-H...0 bonded double molecules with OH group in ct^-configuration with respect 
to that of the single molecules can be made from the ratio of the areas of the peaks 
at 3474 cm~^ and 3640 cm“^ respectively observed in the case of concentrated 
solutions if the change in the strength of absorption per molecule with the change 
from the itans to the cis position of the OH group is first determined. 
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ABSTRACT. Tho dcpondonoo on fcomporaturo of absorption of micro waves of wave- 
length 3.18 cm in n-propyl, n-butyl, isopropyl-, isobutyl-, n-octyl- and n-hcptyl alcohol and 
in thoir solutions in CCI4 and hojjtano at different ooneontrations liave boon studied by simple 
optical method. 

It is observed that in the case of lower alcohols absorption increases with the increase 
of temperature without showing any definite maximum in the curve, while the higher alco- 
hols and the solutions of all the six alcohols show absorption maxima at tomporatures depend- 
ing on their viscosities. 

From a comparison of different results it has been concluded that most of the molecul(^s 
in the lower alcohols in the pure state are in the form of dimers which break up in the solutions 
into single nvolooulos. In the oast^ of higher alcohols tho molecules being large, some of the 
molecules do not form such dimers and remain as single mole(5ules. 

Applying Debye’s theory the radius of tho rotor has been calculated, and the value has 
boon found to bo near about 1.96 A in all the cases. The rotor has been indentified with tho 
OH group. 


INTRODUCTION 

The anomalous dielectric! disporsion in alcohols in the region of radio-waves 
of wave-lengths ranging from decimetre to metre region was studied by Mizushima 
(1927). He found that some aliphatic alcohols show absorption in the metre 
region and the region of such anomalous dispersion shifts towards longer wave- 
lengths as tho length of the molecule increases. With a particular frequency he 
observed (Mizushima, 1929) that the temperature at which tho maximum absorption 
occurs becomes higher for higher alcohols. He concluded that the theory proposed 
by Debye (1913) correlating time of relaxation with the dielectric constant at any 
frequency was verified by these results and that the whole molecule was the rotor 
in these cases. Later, Ghosh (1954, 1955) studied the absorption of 3.18cm 
microwaves in some aromatic liquids with the molecules having OH group as a 

♦Oommunioatod by Prof. S. C. Sirkar 
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substituent and by varying the temperature of the liquids he observed maximum 
absorption at a particular teniperatue in each case. From the values of the time 
of relaxation and the viscosity of the liquids at those temperatures he calculated 
the radius of the rotor and found it to be of the order of 1.5 A. He concluded that 
the rotor was the OH group and not the whole molecule in these cases. 

Recently, Imanov and Abbasov (1957) ujaed microwaves of wave-lengths 
ranging from 10 cm to 180 cm to measure tlx0 dielectric loss in several normal 
and iso-alcohols in this region. They observed maximum loss at particular wave- 
lengths in the region from 18 cm to 60 cms in 4ive alcohols, but no such maxima 
were observed in methyl and ehtyl alcohol in the whole wave-length range 
12 cm— 180 cm. They did not identify the rqitor in the above cases. 

It would be interesting, however, to find cfut whether in these pure aliphatic 
alcohols in the liquid state the OH group has aiiy freedom of rotation and whether 
the influence of solvents affects such freedom. With this object in view the 
absorption of 3.18 cm microwaves in a few aliphatic alcohols in the liquid state and 
also in solution in suitable solvents has been investigated. 

EXPERIMENTAL 

The experimental arrangements and procedure adopted in the present investi- 
gations were the same as those used previously (Bhattacharyya 1958). The 
liquids used were w-propyl-, n-biityl-, isopropyl-, isobutyl-, n-heptyl-, and n-octyl 
alcohol. In order to make the alcohols free from water the lower alcohols were 
mixed with dehydrated magnesium sulphate and were kept in this condition for 
two days. After filtration they wore treated with fresh quick-lime and subjected 
to fractional distillation. The two higher alcohols were distilled in vacuum after 
proper dehydration. The absorption was studied in the pure liquids as well as 
in their solutions of different concentrations in CCI4 and heptane in the range of 
temperature from 28'^C to 140^0. The graphs showing the relation between 
temperature and the attenuation coefficients of different liquids wore drawn. 
The values of static dielectric constant, refractive indices and coefficients of visco- 
sity for the pure liquids were obtained from the standard tables. These data for 
the solutions were determined experimentally. With the help of Debye’s theory 
and using these data, the radius of rotor was calculated in each case. 

RESULTSAND DISCUSSIONS 

Fig. 1 shows the temperature-dependence of the attenuation coefficients of 
pure alcohols. The lower alcohols like n-butyl-, n-propyl-, isobutyl- and isopropyl 
alcohol do not show any absorption maxima. The absorption in these cases 
increases rapidly with the increase of the temperature. Similar results were also 
obtained in the case of pure ethylene chlorhydrin (Bhattacharyya, 1959). The 
higher alcohols, however, show definite absorption maxima. Octyl alcohol 
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Fig* 1 . Temperature depeudence of the attenuation coefficient for pure alcohols 

I — n-Propyl alcohol. 

II — n-Butyl alcohol. 

III— n-Heptyl alcohol. 

IV— i—n-Ootyl alcohol. 

V — iso-Butyl alcohol. 

VI — iso -Propyl alcohol. 



m*e ^ 

Fig, 2 . Temperature dependence of the attenuation coefficient of the solutions of n-aloohola 
V . in CCI4. 

Ia-^20% solution of heptyl alcohol in CCI4. 

{ Ib— '30% ,, ,, 

* Ila — ^20% solution of octyl alcohol in CGI 4 . 

^ lib— 30% ,, ,, ,, ,, 

nia — 80% solution of propyl alcohol in CCI 4 . 

'' ' - ' Illb— 50% solution of butyl alcohol in CCl 4 * 
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Tgmfimhofure in •C - ♦» 

3, Tomporaluro tlopoiuJoiict^ of the attenuation eoeffieient of du' Holution of iNo-alcohois 

in CCI4. 

fa — '30% PolatTon isopropyl 8lf;(»hol in 0(‘h. 

Ih— .50% „ M ,, „ 

ritt — *30% HoliitionK of isobiityl alfoliol in (>(71^. 
lib— .50% 



4a. Teiiippraturr dej>ondence of tho attenuation coeflBoient of the solutions of lower 

alcohols in heptane. 

la — 30% solutions of n-proypl alcohol in heptane, 

Ib— 60% j» »» »» ». »» 

Ic— 70% t! »> »» »» 

Ila — 30% solutions’ of ri-butyl alcohol in heptane. 

Ilb— 60% 

IIo--70% 
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Fii?. 41 ). iloppixlenco of the ftttouuatioii cooffioieni of the solutienw of higlK'r 

alcohols ill heptane. 

Irt — ‘ 30 % sohit-ionK of* oot.yl alcohol in ho])<ttno. 
lU— 50% 

Ic— 70% 

Ijy. — 30% «'»ln1io!iH of hoptyl alcohol in hopbaiw. 

fIl>-*50% 

He -70% 



Fig. 5. Temperature' dependence of the att '.nuation ccrflTiciont of the solutions of iso-alcohol 

in heptane, 

la — 70% solution of isobutyl alcohols in heptane. 

Ib— *50% ,t «« ,, ,, 

lo— 80% ,9 

Ila — 70% solution of isopropyl alcohol in heptane. 

Ilb— — 50% ft ,f 99 »t tt ft 

IIo — 80% solution of isopropyl aloohol in heptane. 
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shows the maximum at 105'’C while heptyl alcohol shows it at lOO^'C. The 
absence of any absorption maxima in the case of lower alcohols cannot be explained 
on the assumption that these occur at higher temperatures i.e. at temperatures 
higher than lOO^C, because heptyl and octyl alcohols which have higher viscosity 
show their respective maxima near about lOO^C. Wheii the lower alcohols are 
dissolved in the solvents, carbon tetracliloride and heptane we get absorption 
maxima at certain tonipcraturcs as showii in Figs. 2, 3,4 and 5. This difference 
in the behaviour of the pure liquids and solution?! may be explained on the assump- 
tion that in the pure liquid most of the molecules are i!i the form of dimers formed 
by weak linkage through the H-0 — H-O bonil and as llie dimers break up with 
the rise of temperature contribution to abso|rption from new single molecules 
increases gradually without attaining a constaijit value. In the case of the higher 
alcohols, however, the molecules being long, apme of tho molecules do not form 
dimers and exist as single molecules. As thejVis(;osity attains the proper value 
with the rise of temperature of the liquid a mitximum a})sorption is exhibited by 
these molecules in these cases. 

An attempt was made to calculate the radius of tho rotor from Debye’s 
theory in the cases in which maximum absorptioii has been observed. Tho data 
required for this purpose as well as the values of t, the time of relaxation and 
a, tho radius of the rotor are given in Table 1. It is interesting to note that the 
values of a, the radius of tho rotor, is almost the same in all these cases, the mean 
value being about 1.96 A. Evidently, the rotor is not tho whole molecule in any 
of the liquids and the solutions and the common group present in the molecules 
being the OH group, the rotor may be identified with this group. In previous 
investigations the radius of the rotor for tho OH group in aromatic compounds 
was calculated and it was found to be of tho order of 1.5A (Ghosh, 1955a, 1954), 
but no such data for aliphatic alcohols are available. It cannot bo expected that 
radius of the OH group as the rotor in the ease of aliphfi tic compounds should be 
the same as that for the aromatic compounds, as tho radius of such rotor is 
expected to be dependent on the bond angle and other factors. Ghosh 
(1955a) observed in o-methoxy phenol, a typical aromatic compound, the radius 
of the OH rotor to be 1,7 A which is slightly larger than the value observed in 
the case of p-chlorophenol, p-chlorocresol etc., So, the rotor in tho present 
case can be identified with OH group of the alcohol molecules. 

The comparison of the curves for the pure liquids with those for their solutions 
thus leads to the conclusion that in the lower alcohols in the pure state most of 
the molecules are in the state of loosely coupled dimers and in the solutions these 
dimers break up into single molecules. Application of Debye’s method in these 
eases gives consistent results and also furnishes much information about the state 
of association of the molecules in the liquids. 
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TABLE I 


Oonoontra- 


Substance tion 

e 

n/^o 

Tempera- 

ture 

1001 / 

r X 1011 sec ox 108 cm. 

Propyl alcohol 

30% 

6.57 

1.44 

57‘»C 

0.6886 

1.42 

1.95 

+ CCI 4 

r,o% 

8.60 

1.44 

64*^0 

0.7317 

1.32 

1.83 

Butyl alcohol 

30% 

4.66 

1.44 

60°C 

0.6910 

1.65 

2.00 

-f- COI 4 

60% 

6.30 

1.42 

66 °C 

0.7631 

1.46 

1.93 

Isopropyl alcohol 

30% 

7.54 

1.43 

58°C 

0.6913 

1.38 

1.94 

+ CCI 4 

50% 

11.1 

1.42 

65*^0 

0.6035 

1.22 

1.96 

Isobutyl alcohol 

30% 

4.93 

1.44 

62"C 

0.7333 

1.63 

1.97 

H- CCI 4 

60% 

5.76 

1.43 

68 °C 

0.7197 

1.48 

1.97 

Heptyl alcohol 

30% 

3.80 

1.46 

76°C 

0.8402 

1.61 

1.94 

+ CCI 4 

20 % 

3.28 

1.45 

68 ®C 

0.7967 

1.64 

1.97 

Octyl alcohol 

30% 

3.56 

1.46 

81°C 

0.8572 

1.62 

1.92 

•f COI 4 

20 % 

3.12 

1.45 

73X‘ 

0.8024 

1.66 

1.98 

Hoptyl-alcohol 

Pure 

4.20 

1.43 

lOOX 

0.8000 

1.58 

2.01 

Octyl alcohol 

Pure 

3.40 

1.43 

105°C 

0.8800 

1.63 

1.97 

Propyl alcohol 

70% 

10.97 

1.39 

72X 

0.6028 

1.22 

1.97 

-f heptane 

6 O 0/0 

9.60 

1.39 

65X 

0.6001 

1.28 

1.99 


30% 

8.68 

1.39 

51°C 

0.6031 

1.32 

1.98 

Butyl alcohol 

70% 

9.60 

1.39 

76X 

0.6446 

1.28 

1.97 

H- heptane 

60% 

8.86 

1.39 

70X 

0.6206 

1.31 

1.99 


30% 

8.20 

i.39 

66 X 

0.6200 

1.34 

1.98 

Isopropyl alcohol 

70% 

14.54 

1.39 

74X 

0.6021 

1.10 

1.91 * 

-f heptane 

60% 

10.90 

1.39 

68 X 

0.5962 

1.22 

1.97 


26% 

8.95 

1.39 

60X 

0.6786 

1.31 

2.00 


70% 

10.67 

1.39 

78X 

0.6387 

1.24 

1.96 

Isobutyl alcohol 

60% 

9.66 

1,39 

72X 

0.6204 

1.28 

1.98 

-f- heptane 

26% 

8.25 

1.39 

66 X 

0.6194 

1.34 

1.98 

Heptyl aloohol 

76% 

4.45 

1.43 

87X 

0.8999 

1.66 

1.90 

•f heptane 

50% 

3.82 

1.41 

SOX 

0.8762 

1.61 

1.92 


80% 

3.42 

1.40 

76X 

0.8222 

1.63 

1.96 

Octyl aloohol 

75% 

3.95 

1.43 

96X 

0.8704 

1.60 

1.95 

+ heptane 

60% 

3.45 

1.41 

90X 

0.8418 

1.63 

1.98 


30% 

3.12 

1.40 

84X 

0.8303 

1.65 

1.98 
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SCATTERING OF ELECTRON BY THOMAS-FERMI 

POTENTIAL 
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SriENOE, Jadavpua, 0ALro:'rrA-32 

{RecHved, Febrvarj^ 1961) 

i 

ABSTRACT. Iii this papor thn elastic soa|l«oriiig cross-saction of electrons by the 
ThomasoFormi potential as reprosontcd by tho i^lytioal forms due to Gombas and Tiete 
has been calculated by the Born approximation iK#thod. Our results are in fair agreement 
with those calculated with the exact numerical fo|m of Thomas-Fermi potential. Further 
comparison shows that the Gornhas-Tiotz form i« 4s good as those of BoSEenial and Buchdahl. 

( 

V IKTKO DUCT ION 

Tlio scattering of electron by a heavy atom is a many body problem, the 
electron to be si^attered is influenced by the positively charged nucleus and 
the negatively charged electrons surrounding the nuedeus. It is difficult to cal- 
culate accurately the olectritjal potential due to such an atom. Of the two avail- 
able methods, the self -consistent li<dd method ofHartroo and Fock is more accurate 
than the statistical one of Thomas and Fermi. The difficulty of (5alculation by 
Hart rein's nieih(ul iiic/reases with the complexity of the atom, whereas the more 
complex the atom is the more valid is the (talculation lor the Thonias-I'ermi 
potential, because the electrons of the complex atom are treated as a statistical 
i‘rnseml)lo. The form of tho Thomas-Fermi potential is taken to l)e 

J'{/-) - - 95(.'-) 

r 

where (/> is tfi (5 Thomas- Fermi function for the free neutral atom and is the sohit-ion 
of 




where x — r/fi; //. -• «o. 'o radhis and Z is the 

atomic number. The above equation does not admit of an exact solution which 
is available only in the form of a numerical table; however, various approxi- 
mations in analytical forms have been suggested by several authors like Sommer- 
fekl (1932), Rozental (1935), Gombas (1949), March (1950), Kemer (1961), Tietz 
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(1956, 1956), Brinkman (1954), Umeda (1955), Buchdahl (1966) and Latter (1955). 
Jt iB not possible to calculate analytically the scattering cross section with the 
forms of Sommerfeld, March, Umeda and Latter. The form of Kemer is not quite 
suitable. Majewasky and Tietz (1957) have calculated scattering cross section in 
the Bom approximation with the forms of Brinkman, Buchdahl and Rozental. 
The form of Gombas (1949) is valid only in a region near the nucleus and that of 
Tietz (1954) holds good outside this region. We propoi|i to calculate the scattering 
cross section with the Gombas-Tietz form. We are led to this choice of the 
potential, because Tsang (1959) taking the form of Gombas has got good agreement 
of binding energies of electrons with those obtained by using the Thomas-Fermi 
potential and by Hartroe's method. In this paper we have calculated by the Bom 
approximation method the clastic scattering cross section of electrons by a central 
potential which is of the form of Gombas between the range 0 ^ ^ 1 and of 

Tietz for x We have compared our findings obtained by such a potential 

with the results of Mott and Massey (1949) obtained with Thomas-Fermi potential 
and that of Tietz and Majewasky (1957) calculated with the potejitials of 
Rozental (1935) and Buchdahl (1956). 

For electrons having 50 KeV energy scattered by Krypton (Z=36) the 
differential cross section decreases with increasing angle upto 70*^ ; thereafter it 
fluctuates with two maxima at HO® and 110®. Unfortunately there is no experi- 
mental data to compare with our theoretical findings. 


CALCULATION 

The amplitude of scattering by a central potential F(r), according to the 
Born approximation, is given by 



STrhri 

A2 


f F(r)r=‘./r 

J let 


where 0 is the scattering angle, 


K ^ k w 


4;r sin djt _ -tt _ h 
A ' k mv 


... (I) 


Wo being the unit vector along the Z-axis, n is a unit vector along the direc tion 
of r. 


In the case of scattering of electrons by an atom we choose the potential as 
F(r)=F^ valid for 0<ar<l ... (2) 

= Fy valid for x ^ 1 
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where Vg has the form as given by Gombas, 

Vq =- -- {0.878-0.546a:+0.4ir>(a;-0.6)*} 

Xfl 

where x = fln* being the first Bohr radius for hydrogen 

fi 

and Z is the atomic number, and the form of Vf is diu^ to Tiid-z, 


Ze^ f a\ i 
Xfi \(:r +«)••* J 


whore a 1.86, the values of x and fi an' the same as in Substituting tlio 
form of (2) in Eq. (1), we get 

1 00 

f(d) =— ( I m\px Vaxdx \ f ^mpx V,j^xdx 

li^'P I J J 


where 


p — ^fJilc sin 012 — Kp 
K =r 2k sin 012, 


m ^ 83;01X10-1« r i, / 0.131 \ ,„ ( A830 ...0,43^\ 

71/3 „ L ■' \ «- / v p' p ' 


p P 


—p ( cos pa Gt{p(l fn))+siiipa iSi{p(l+a)} 
p^ vl-f-a \ 

-sinpa^)}] 


where Si(x) = f - dt ; Ci(x) ^ dl 

For the sake of comparison wo give also the results of Tietz and Majewasky (1957) 
who have calculated the same with the potential forms of Rozentai and Buchdahl. 

The Bozeutal form is as follows : 

6(x) = i Ci e~^i^ 

^ i-i 

where Ci and are constants and their values are = 0.255, Cg = 0.581, Cj = 
0.164, ttj 0.246, == 0.947, ^3 = 4.356, 
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The Buchdahl form is as follows : 

where A — 0.9288, B — 0.1536, G = 0.0.5727. 

TABLE I 

Comparison of our results for \f(0)\^ with the numerical results of Mott and 
Massey and results of Rozental and Buchdahl 

I f (^) 1 2Z-2/3 in units of lO i^cma 


pmr,2fiK Sin $12 

Mott & Massoy 

Rozental 

Buchdahl 

Present author 

0.1 

1460 

1625 

1257 

1296 

0.2 

678 

654 

690 

642 

1.0 

18.7 

17.1 

21.2 

20.79 

2,0 

2.62 

2.40 

2.45 

2.74 

5.0 

0.080 

0.096 

0.091 

0.004 

6.0 

0.047 

0.048 

0.046 

0.051 

8.0 

0.016 

0.016 

0.017 

0.010 

10.0 

0.0004 

0.0063 

0.0065 

0.0057 



Fi^. 1. Angular distribution of electrons at 40 KoV scattered by krypton (za=36) 
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DISCUSSION 

From the table of comparison it appears that our result of differential scatter- 
ing cross section calculated with the (tembas-Tietz form agrees ])retly Avell with 
the results of Mott and Massey. Our results are as good as those caleulated with 
the forms of Kozental and Buclidahl. 

From the calculation it is found that whan p is large; the contribution to tho 
scattering from the Gombas potential is itiudh larger than that from the Tietz 
potential whereas when p is small tho reverse fe the case. This finding is in con- 
formity with the physical picture; the larger the value of p is, greater is the 
number of particles coming under tho influence of Gombas pai t of tho potential. 

For .50 KeV electrons scatten;d by Krypiton {Z — .36) the differential cross 
section decreases with incr(;asing angle till 70°, after which there are small rise and 
fall of the values giving two maxima which are a)ialogous to diffraction pheno- 
menon. 
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A SIMPLE STUDY OF THE NUCLEAR SELF- 
CONSISTENT FIELD PROBLEM* 


N.V. V. J.SWAMY 

l)l':i’AUTMKKT OF PllYHlOS, KaHNATAK UmVKKRTTY, DlIAKWAH 
{Received, October 10, 1000) 

ABSTRACT. Aasuiuing h iiii'^loon-micloufl poioniial nnd a phononionologioal nucleon 
(lonsity <liHirihiiti<.n, a ITarireo typ<' ft(‘ir-conRi8t<‘nt field calculation has been carried out 
f<M' ()*^‘. Throe c,ycl<'s hnve indicated that the rufclni.R collapses in each cycle if only a pure 
central at-trafdion of the Yukawa ty|)e is assumod to exist between th(^ nucleons. Introduc- 
tion of a ropul«iv<' cor(‘-, other tlu n tlio usual hard sphere tj^pe, has led to the conclusion that 
anptultir inomentuin d('i)ondent ])otentials have to bo used in order to obtain convergence 
in Huecessive eyek'S and adequat(^ hinrling energy of the niieloiiR. An estimate has been made 
of the correlation length of tlie resulting non-local potential, as also cf the offectivo mass as 
a function of position. 

There can be no question that the many-botly approach of Bnieckncr and 
Bt^lhe (1955, 195(5) is the (‘orrect one for studying the nuclear self-consistent 
ludd problem. However it has botnx noticed that the application of this method 
to finite nuclei bristles with outstanding computational difficulties. It is the 
purpose of this paper to point out that when a Hartree type self-consistoni field 
cal(!ulation has been carried out based on a single-particle approach, the quali- 
tative results so obtained did not differ in physical content very mucli from 
thost^ of the many body theory. 

The earlier effort in this direction has been that of Talman (1956) who had 
chosen a I vvo-body intt^ract ion of the Yukawa tyjie between all pairs of nucleons 




,2 


... ( 1 ) 


\u--rA 

(j being the coupling constant or strength of the two-body force and the 
range of the force. Using a uniform nucleon density distribution 




r<a 


r>a 


( 2 ) 


♦Work Bupj)orted by the United States Atomic Knergy CommiBsion. This work was 
performed when the author was at the Florida Slate University, Tallahasseo, Florida. A 
summary of the n^aulta reported heroin was included in a lecture given by the author at the 
First Summer School in Theoretical Phyaioa hold at MusBoorie during May-Juno 1959. 
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the nucleon-uueleuB potential was coinputod in aceordauuo w ith 


171 


Vih) = J ... (3) 

With this potential Talmaii has solved the Sehrodijiger equation niunerieally 
and from the wave functions thus obtained a new density distrilnition was com- 
puted which in turn gave a potential in acocmlanec^ with Ec], (3) above, l^j o- 
C5eeding in this maiuier he found that, at the end of oiu* eoiii])lele cycle of cal- 
culation, the nucleus collapscxi and the total energy of a system of ITiO nuc leoiis 
was low, yielding a binding energy per particle of about -94 Mc‘-V. 

It is not sufilcicnt if self-consistency is adiieved betwecMx a nuclear ])ot-c‘ntial 
and any density, but the density should be ia agroenient with ex])erhnent. 'i'hc 
Levy (1953) potentials for instauee show saturation but not at true density. 
The uniform density used by Talman is rather unrealistic; from a jihonomcnological 
point of view. We have, therefore, attcnqited to asccutaiu the results of suc‘c*('s- 
sive cycles in a self-consistent field calculation using phenomenological dcmsitic's 
given by Green (1950), which have the virtue of close agreement with the Stanford 
charge distributions. The demsity distribution obtained by Grc^en of nucleons 
moving in a square well with an exjionentially diffuse boundary, involvc^s Bessed 
functions of oxjxnieiitial functions. Therefore, in their original form, the wave 
functions are too complicated to handle. Choosing a closed-shell light nucleus 
of the nodeless s and f) radial wave functions liavo bccui approximates! 
(iSwamy 1958) by Slater tyix* fiuicdious ; 




(4) 


For simplicity in an initial effort, Goulomb, exchange and tensor forces were 
neglected. Assuming a purely direct and cx'ntral interaction bcdAvtxui any two 
nucleons, of the form given in Eq, (I), the zero stage potential was (calculated 
by means of Eq. (3) where in the integrand the approximate ])]jenomenological 
density was used. The multiplying constant in Eq. (I) has becui chosc^n su(;h 
that the nucleon-nucleus potential ‘strength’ matches that of the s(j[uare well 
with exponentially diffuse boimdary. The two-body force range was chosen, 
as an experiment, to be 1*144 fennis. 

As in the Hartree method, the potential felt by any one jiarticle is obtaincxl 
by subtracting its own contribution from the total nuclear jxotential. The 
second phase of the self-consistent field treatment is to secure a new nmdeon 
density by solving the Schrodinger equation for each single; particle state with 
the potential thus obtained. All the particles in the nucleus chosen being in 
their ground states, a variational method has been used to solve the Schrodinger 
equation approximately. This method has the advantage of being speedier than 
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a jiijinerical solution of the differential equation and is fairly reasonable for form- 
ing a qualitative ostiinatc of the trend of affairs as wo go through sueeossive 
cycles. In the dcdail of the variatiojial calculation a scale factor multiplying the 
radial coordiuatii has been iisetl as the variational parameter (Martreo, 1955). 
The trial function used was 

(l>e ~ V ^ 

the variational parameter Ixiing A. With the help of the wave functions thus 
obtained the expeidation values of the potential and khietie energy operators 
have also been calculated in order to know the total binding energy of the nucleus. 
Further goijig back to Va\. (3) a second stage potential has been computed and 
the cy(ie was set going once again. The results of three full cycles of such cal- 
culations have beeji that 

(a) the nucleus shrinks in each cy<*le, though not too rapidly and the 
potential becomes more diffuse in each cycle; 

(b) the energy eigenvalue of a single particle state uicreases in each cycle, 
though perhaps slightly; 

(v) the total energy of the system is positives in sign and becomes iricreas- 
ingly positive in <^aeh cycle thus giving Jio binding at all. 

Th(\so results are shown in Table I. With a vieu' to ascertaining the sensitivejiess 
of the rate of collaj)so to the two l)ody force range, a different two body force 
range has b(^en chosen and the calculations repeated. Table II shows that this 
sensitiveness is considerable. 


TABLE I 


Results of two successive cycles showing shrinkage of nucleus 



Zero stage 

End of 

1 cycle 

End of 
11 cyclo 

Moan radius of potential in 

ferini (Bruocnor et al., 1955) 

15.305 

14.944 

14.469 

Expectation of kinetic c'uergy operator 
for .V state in MeV 

11.726 

12.772 

13.793 

-do- for p state 

18.239 

19.522 

20.939 

Expectation of potential energy opera- 
tor for s state < iu MeV 

-35.367 

-37.865 

-40.966 

-do- for p state < V'^p 

-28.099 

— 30.163 

-32.601 

Energy oigon value of s state in MeV 

-23.641 

-25.093 

-27.173 

-do- for p state Wp 

- 9 860 

-10.641 

-11.662 

Total bimling energy in MeV 

+ 26.444 

+ 28.048 

+ 28.908 
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TABLE II 


Two body foroti rango Moan square radius 

in fornii of poioniial in formi 

(Brueoknor et al., 1958) 


1.143 15. 305 Zero stage 

14.944 End of I Oyolo 
14.469 Endoni(V«l« 

0.500 8.943 Zero Stage 

6.418 End of 1 C\ycIo 
5 . 5185 End rf II (’yclo 


' With a jinrely attra( 3 tive*. iwo lunly interact ion, thcroforo, it has not been 
possible to achieve stability and convergence .in successive cycles of the self- 
consistent field calculation. Noav it has been fairly well known that exchange 
plus a repulsive core ensures saturation. A r^ulsive term was therefore intro- 
duced into the two body interaction as the Jiext logical step in the study. The 
repulsive cores that exist in the literature consist of hard sphere interactions 
at a distance of *4 or *5 ferniis between two nucleons. Introduction of such a 

core in (?(/*! /fg) would make the integral in E(j. (13) singular, unless some cut-off 
<levi(^e is in troducjed. As an alternative, however, a form of interaction is assumed 
which would give a very large repulsion at short distances and becomes infinite 
only when the tw'o nucleons collide. A Green's functioTi of the following form 
containing an integrable singularity wdll ensure this behaviour : 


(■Krtsr.,) - - g/ 1 -^ \ (Jr ' ^ ^ 

ki, ral 


... (6) 


Here the subscripts A and R stand for attraction and reijulsion respectively. 
Tt is interesting to note that such a Green’s function does arise out of a non- 
linear meson theory (Green, 1949). The effect of introducing such a repulsion 
has been studied in two ways — (a) the coupling constant of the repulsive term 
is varied keeping other things constant, (b) keeping the coupling constant 
fixed, the range of repulsion is varied. In both cases the attractive force 

range is 1-144 fermis and the attractive coupling constant 35-543 MeV. The 
zero stage values of <r^> of the s and p orbitals are respectively 5'78() and 8-084 
formi (Brueckner et al, 1965). The results are shown in Table III. It can be seen 
from this that either there is no convergence in successive cycles (nucleus collapsing 
in each cycle) or where there is an approach to convergence, the total binding 
energy becomes much too small. It has thus not been possible to choose one set 
of four parameters Pr-^ in order to meet the dual requirements 

2 
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of stability and covorgcnce in successive cycles as well as obtaining the experi- 
mental total binding energy of the nucleus. On the other hand, an approach 
which has proved to be a successful way out of this difficulty is that of choosing 
different coui^ling constants for the two angular momentum states viz., s and p 
states. The following set of parameters have been effective in indicating con- 


vergence in successive 
124-34 MeV. 

cycles, as well as 

yielding a total binding energy of 

s state 

flf/ = 2177-5C* 

= 8912-9C* 

2)^-1 = 1.414 

fermis 

= -143 
fermis 

•p state 

= 2177-5e‘'‘ 

g^ = 9333- le^ 

- 1-414 

fermis 

^ 143 

fermis 


c — charge of an electron 


TABLE III 

Effect of repulsive term in the two body interaction 


in MoV 

35 . 543 

35.. 543 

35.543 

7.109 

25.543 

71.087 

Pjj-i in formi 

0.500 

0.667 

1.000 

0.500 

0.500 

0.600 

8 state 

in fernii 

(Brueckner, et al., 1956) 

4.007 

4.381 

4.822 

3.742 

4.007 

4.147 

W, in MeV 

-49.300 

-42,866 

-28.903 

-67.460 

-49.300 

-39.310 

<T^> in MoV 

14.360 

13.143 

11.395 

15.395 

14.366 

13.889 

<V>^ in MoV 

-63.666 

-56.009 

-40.838 

-72.855 

-63.666 

-53.197 

Contribution to total bind- 
ing per particle in MoV 

-17.467 

-14.862 

- 8.404 

-21.032 

-17.467 

-12.711 



j) state 




<5r2> in fermi 

5.681 

6.603 

7.429 

4.922 

5.681 

6.141 

Wp in MeV 

-32.626 

-26.856 

-14.654 

-41.069 

-32.526 

-23.241 

<iTp'^ in MoV 

26.065 

21.673 

19.184 

28.961 

25.065 

23.206 

<F>p in MeV 

-57,690 

-48.429 

-32.838 

-70.025 

-57.690 

-46.462 

Contribution to total bind> 
ing per particle in MeV 

-3.731 

-2.641 

+ 2.265 . 

-6.047 

-3.731 

-0.200 


TSie parameters of the attractive term are taken from Gammel (1957). It is 
clear, of course, that because of the rather crude method used in solving the 
Schrodhiger equation the numerical figures arrived at constitute no more than 
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an indication of the trend of affairs leading to the important conelusion that 
the nucleon-nucleus potential turns out to be angular momentum dependent 
or momentum dependent in general. 

Momentum dependent potentials can, in coordinate space, be represented 
by a non-local potential i.e., a potential matrix (Bethe, 1956). The Schrodinger 
equation for the relative motion of a nucleon in this potential is 

M = I ? I ... (7) 

Comparing this with the following equation vfjiich is satisfied by the potentials 
discussed above 

KM ... ( 8 ) 

we readily get the relation 

= f ? 1 F ... (9) 

Following Prahn and Leramer (1967) we have assumed that 









( 10 ) 


where is a ‘non-locality parameter’ or ‘correlation length’. This correlation 
length has been estimated to be M fermis. In the effective mass approxima- 
tion, the equation of motion of a particle in a momentum dependent potential 
well is replaced by one describing the motion in a static well, but having a variable 
mass which now becomes function of position. In this case the kinetic energy 
operators have to operate on the mass and, in order to meet the requirement 
of Hermiticity and relavistic invariance, have to be properly symmetrized. 
Frahn and Lemmer (1957) have shown that the appropriate Schrodinger equa- 
tion is 

I m ... m 

where the effective mass Jlf(r) is related to the actual mass M through the local 
potential F(r) by 

M 

j_ a,^My{r) 


M{r) = 


( 12 ) 
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Using Eqns. (6), (3), (9), (10) and the radial part of Eq. (11) the equivalent V{r) 
and hence M(r) in Eq. (12) have been calculated. The latter is shown in Pig. 1. 



Pig. 1. Spatial variation of offectivo inass. M is tho true niioleon maas. 

In conclusion we have to state that, while the tialculations do not have the 
certainty of accuracy because of the approximations iiscil, the results arrived 
at through a simple single-particle approach do agree witli the more funda- 
mentally thorough many-particle approach. 

It is a pleasure to acknowledge the interest and constant guidance received 
from Dr. Alex E. S. Green during the course of this work. The financial assis- 
tance of the U.S. Atomic Energy Commission is gratefully acknowledged. 
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POTENTIAL CONSTANTS AND CALCULATED THERMO- 
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OsMANiA University, Hydb^abad 7. (a,p.) 
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ABSTRACT- Using a most gonoral quadratic potont ial onorgy oxprossion tlio molocnlo 
NO 2 R, where R is either F or Cl, is subjected to normal (joordinato treatment. Two sots of 
thirteen force constants for each molecule have boon proposed, and tla^ fundamental froquon- 
oios have boon calculated with the help of Wilson’s F-G matrix method. The calculated and 
the observed values of the fretpiencies closely agree. Tht'rmodynamic propc^rtios for the fluo- 
ride and tho chloride have bot»n cabmlated for temperaturc^s in the range of 100-1000 °K. 

1. INTRODUCTION 

The iufrariMl and Raman spectra of nitryl fluoride are reported by Rolfe 
and Woodward (1956) and that of nitryl chloride have been studmd by Uyason 
and Wilson (1954). The latter authors have assigned the frequencies of the 
chloride molecule. Assuming the valence force potential function Hariharan 
(1958) has used the observed values of tlu^ frequencies and (jalcnlated the force 
constants by using Wilson's F-G matrix method and assigned the fundamental 
frequencies of both the molecules. His assignments differ from those of Ryason 
and Wilson so far as frecpiencies 651 and 411 cm“^ are concerned. Ryason and 
Wilson have assigned 651 enr^ to class A| and 411 ciir^ to class Bg* '^bereas 
Hariharan has reversed the assignments. Haiiharan has neglected most of tho 
interaction force constants and his value for in the case of nitryl fluoride is 
negative yvhivh cannot be justified. 

With a view to checking the earlier assignments the authors, using a most 
general quadratic potential energy expression, and assuming a planar configura- 
tion for tho molecules and the point grouj) Cgi,, have (jarried out normal (coordi- 
nate treat- ment, according to Wilson’s G matrix method. 

IT. NORMAL COORDINATE TREATMENT 

The planar configuration of NOgR where R can be either F or 01 has a sym- 
metry of C^v point group (SA^, 263 , Bg). Tho symbols used for the eciuilibrium 
values of bond distances and interbond angles are shown in Fig. 1 . 
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The examples of possible types of potwitial eonstants arising out of various 
typos of interactions are given below. 





Fig. 1. 

/tf — N-0 stretching constant. 
fa — <0-N-0 bending constant. 

= <R-N-0(1) and <R-N-0(2) angle angle interaction constant. 
// = N-O(l) and N-0(2) bond bond interaction constant. 

= N-0{1) and <R.N-0(2) bond angle interaction constant. 

The most general quadratic expression for potential energy is 
+2//AI)(Adi+Ad2)+2d/^«A/)Aa+2d//Ad(AA+A/?2)+2d//^ 

The symmetry coordinates for Aj type of vibrations are : 

AT). 

R, = l/V5(Adi+Arf2). 

T?3 == l/V6(2Aa-A/?i-A/?2). 

R 4 == l/v/ 3 (Aa+A/?i+A/? 2 ) 0 (Redundant). 

For Bj type 

R 5 = l/\/3{Arfi— Aig). 

Re = l/VaCAA-^AA). 

For type Bg (Out of plane) 

R, = dAy. 


The symmetry coordinates are normalized and orthogonal. From the 
potential energy matrix i.e. 7’ ni^trix and the matrix formed by the ooeffioients 
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contained in the symmetry coordinated the following 'F' matrix elements are 
obtained. 


The 'F' matrix elements are 
For type 

Fu-Zn 

Fi* = V^S/n^* 

Fw = vmw-fD^)- 

•F 22 =/<!+/(***• 

F23 = iiV 3 d{ 2 u»~fip-m. 

F33 = 

For the type B^. 

Fn=/<i-//- 

F,2 - W -U^)- 

F 22 = d^U-h^). 

For the type 
Fii —fy 

Elements of G matrices* obtained with the help of Decius Tables (1948) are 
as follows. 

For the type A^. 

Gjg — cos /). 

Gi3= } 

<^28 = i«o+/«jr{l+cos a) 


Gaa = UwIa/S f — i-,- (a—b cos /?)coB B-\-{b—a cos /?)(l+co8 a)— 2a sin a 1 
L sm/f J 

Gj 3 = l/3[4a®{/to4-/t^l— cos a)}+6*/tfi+a*/to+/Mir(a®+i'*— 2a6 cos fi) 

+6Vjiy+i«jf{(6— 2o co8/?)6y}4-a*{sin*/?(r— y®)+y cos a)} 

— 4/«oa*a;— 4{(o— a cos a— 6 cos /?)aa;4-(sin a sin /ff(l — a:*)-}-* cos fi)ab}pj,'\. 


For type 

Gu = a). 

Gig = — (/t^^/sin /9)(6— a COB /?)(!— cos a). 

Ggg = {/tu/sin* — cos a)4-Ao»* fi)(b—a cos ^)*(1 —cos a). 
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For type 

Gii = (l/2)/^o coH V-^^ I'N /ijid^ljDK 

In the above expressions 

a — - 1 jd, and &“!//> 

X (eos y?— cos a cos /y)/sin a sin /?. 
y — (cos a— cos^ /y)/sin“ /?. 

For cal(;iilating ihe g matrix elements the values of bond distances, bond- 
bond angles and tlie masses of different atoms are taken from Table I (1958). 

I’ABLE I 

Bond distances, iiit(Tbond angles, masses of different atoms, and moments of 
inertia of nilTyl fluoride and nitryl chloride 
Bond distances 

F-NO 2 Ci-Ko Mass of tho atom. 

N-O(d) 1.22 A 1.16 A lUo =- 16.00 (a.w.u.) 

N-K (D) I.r>0A 1.98 A .>=. 14.008 (a. w.u.) 

lUoi 35.457 (a.w.u.) 

Illy — 10.000 (a.w."u.) 

Iniorbond angles Monioiits Of Inertia. 

<0-N-0 (rt) 150° 130 • 1 / = 40.7300, l/' = 41.436,1/85.173. 

<R-N-()(/8) 106° 116° = 1 10.212, ^ 35.307, = 146.679 

Note : — Tho syinniotry niuubor for this form is 2. 

Tho momonts of inertia are given in units of (a.w.n.A^). 

In the first eah^ulations the force constants derived by Hariharaji were used 
in toto and interaction constants wliich ho has ignored, were proposed by the 
authors, keeping in view the proper order of the magnitude of such force constants. 
After a few modifi(uitions the observed frequencies were reproduced by calculations 
with an error withiji one ])er cent. The force constants finally proposed by the 
authors are given in Table II. Tho six corresponding force constants derived 
by Hariharan are given for (comparison. 

The observed and the calculated values of the in-i)lane fundamental vibrational 
frequtnicies of both the molecules are given in Table II J . The aggreement between 
the observed and the calculated values is a cheek on the probable accuracy of the 
force constants proposed. 

III. THEKMOD YNAMIC PROPERTIES 

The heat capacity Cj,, heat cemtent (Hq- E o®)/T free energy - (Fq— E o®)/T 
and entropy at constant pressure for both the molecules with a rigid rotator 
and harmonic oscillator approximation for the ideal gaseous state at one atmos- 
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pherie pressure were calculated for twelve temperatures in 100— 'lOOO^K range. 
The results are given in Tables IV and V. 

TABLK TI 


Potential constaxits for nitryl fluoride and nitryl chloride 


Pot. Constants 

Nitryl fluoride 

Nitryl clUoride 

Authors 

HariliarlMi 

Authors 

Hariharan 

f(2 

12.3 

10.81 

16.25 

9.48 


3.3 

3.r>i 

4.19 

4.19 


2.7 

2.0^ 

0.95 

0.52 

fi>‘* 

1.5 

i 

1.0 

1.41 

f/i 

1.10 

l.lis 

0.59 

0.62 


0.48 

— ' 

0.30 

— 

iU 

0.40 

— 

0.25 

— 


0.30 

— 

0.20 

— 

fa 

0.15 

-0.13 

0.35 

0.36 

frf'/s 

0.12 

— 

0.10 

— 


0.10 

— 

0.06 

— 

i'afi 

0.00 

— 

O.02 

— 

ffiP 

0.05 

— 

0.03 


NTntft ? Kond constmits and bond-bond intoractions constants are given in md/A, bond- 

angle 

intoraction constiints in md/rmi, and angle constants and on^e-angle 

interaction constants are given in nidA/rad*. 




TABLE III 



Observed and 

calculated values of the fuudainentaf frequencies of nitryl 


fluoride and nitryl chloride 



Nitryl fluoride 

Kitryl Chloride 

Typo 

Observed 

Calculated 

Observed 

calculated 

Ai{ri) 

1312 

1312 

1293 

1296 

Ai(ra) 

S22 

828 

794 

798 

Ai(rs) 

460 

459 

411 

404 

31 ( 1 - 4 ) 

1793 

1791 

1«85 . 

1688 

Bi(rs) 

570 

567 

367 

860 
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TABLE IV 


Heat capacity, heat content, free energy and entropy for nitryl' fluoride 


Tomp. (K) 

CY 


— (Po-Eo")/! 


100 

8.11 

7.97 

43.90 

61.87 

200 

9.86 

8.42 

49.52 

57.95 

273 

11.42 

9.02 

62.23 

61.25 

293 

11.82 

9.19 

62.87 

62.07 

303 

12.02 

9.29 

53.11 

62.40 

400 

13.64 

10.16 

65.88 

60.03 

600 

14.90 

10.98 

58.23 

69.22 

600 

15.88 

11.72 

60.30 

72.02 

700 

16.62 

12.36 

62.15 

74.51 

800 

17.19 

12.93 

63.83 

76.76 

900 

17.64 

13.43 

65.39 

78.82 

1000 

17.98 

13.87 

66.83 

80.70 


Heat capacity, heat content, 

TABLE V 

flee energy and entropy for nitryl chloride 

Temp (K) 

CpO 

(H„— E,o)/T 

-(Fo— EoOl/T 

So 

100 

8.44 

8.04 

45.88 

53.91 

200 

10.74 

8.80 

61.66 

60.46 

273 

12.26 

9.53 

54,50 

64.03 

293 

12.62 

9.73 

66.17 

65.09 

303 

12.84 

9.85 

55.44 

65.29 

400 

14.25 

10.73 

58.35 

69.08 

600 

15.41 

11.56 

60.84 

72.40 

600 

16.29 

12.27 

63.01 

75.28 

700 

16.97 

12.91 

64.96 

77.87 

800 

17.48 

13.44 

66.71 

80.15 

900 

17.88 

13.91 

68.31 

82.22 

1000 

18.20 

14..33 

69.80 

84.13 
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A STUDY OF DEVELOPMENT DEFECTS AND TRACK 
STRUCTURES IN NUCLEAR EMULSIONS USING 
AMIDOL DEVELOPERS 

0. N. KAlk 

Saha Ikstitutk of Nuclkab Shysics, Calcutta. 

{Received t December jj}0, I9fiO) 

ABSTRACT. Development defects in nuclear emulsions^ and also the dependenco 

of track and grain structures on tho various devolopiaont })aram<iterB have boon investigated. 

k 

Modified formulae have been suggested for the tem oval of niicrosoopio fog, coloration 
dofeots, and also for the background eradication. 

Tho procedures of investigation followed during the course of this work, differ from the 
ones adopted by others like Fatzer, Yagoda, Barachall, and Liobonnonn j and the results, 
although identical in most of the cases, dilFer slightly in certain respects as reported. 


Some work has been reported on the elimination of development defects by 
various workers, o.g., Yagoda, (1948), Liebermami and Barschall (1943) and 
others. Tho present aim of the author has been to make a comprehensive study 
of all development defects introduced by Amidol developers to compare the 
methods suggested by various workers for their elimination and also to suggest 
modified formulae suitable for work in this laboratory. 

Besides this, a critical study of the track and grain structures pertaining 
to their dependenco on various development parameters (temperature, time, 
and sodium sulphite concentration) has been made by methofls somewhat different 
(from those adopted by Fatzer (1959). 

Ilford Cg nuclear emulsions of 100, 200 and 400 micron thickness were used 
and the problem studied under the following heads : 

(1) Elimination of the development defects introduced by Amidol , 
developers. 

(2) Dependence of track and grain structures on the hot stage temperature,, 
hot stage time and sodium sulphite concentration. 

(3) Kemoval of microscopic fog from the plates. 

(4) Background eradication in nuclear emulsion by the accelerated fading 
of the latent images. 
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(1) Elimination of the development defects inirodtteed by the use of Amidol 
devdopera : 

Decrease in the development temperatuie gives rise to development defects, 
which are evidenced by a total or partial destruction of the developed image 
and al$o ,a coloration, extending to a considerable depth in the ehiulsiori. 

By a series of trials carried out by the author, it was found necessary to in- 
crease the ratio sodium sulphite/Amidol for the development temperatures 
from 18^0 to 24^0. 

It is an accepted fact that a decrease in the development temperature mini- 
mizes distortion in nuclear emulsions. Monotliermal development suggested 
by Yagoda ( 1955) and Marguin (1957) in which temperature variations are replaced 
by P. H, variations, was avoided because of its complexity of operation. To avohl 
distortion, the development was, therefore, carried out at lower than usual 
temperatures which in turn gave rise to coloration defect, besides an irregularity 
in development. 

^To obviate this difficulty, four types of developers as indicated below were 
tried by the author. 


TABLE I 

Developer compositions : (in gms/lit. of the. solution) 


gms/lit. pota&sium bromide 
(KBr) 

1.2 

1.2 

1.2 

1.2 

gms/lit. sodium sulphite 

11 

10 

17 

20 

(NaaSOa) 

gma/Iit, Amidol 

4.0 

2.8 

2.8 

2.8 

gms/lit. boric acid 

30 

20 

20 

20 

(H,B0,) 

Batio of sodium sulphite : Amidol 

2,76 

3.57 

0.07 

7.14 


By a comparative study of these formulae it was found that to develop 
reliably at low temperatures, it was necessary to increase the ratio sodium 
shlphite/Amidol to minimize the coloration. In certain cases of low sodium 
sulphite concentration, it was observed that the emulsion showed zones of good 
development, whereas the rest of the plate became useless. Further, in such 
cases the images were found to show a blue or red transparency. The develop- 
ment was carried out at temperatures higher and lower than 18®C and the colora- 
tion was found to be more predominant at lower temperatures, as well as to be 
a function of development time. 

Results, almost resembling those indicated above, were reported by Birge 
(1954) and others. In some cases the images were completely destroyed, 
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but one thing is clear that this image destruction has nothing to do with the 
corrosion which sets in during prolonged fixation, and is more or less a surface 
pliotioiiiBiioix. Ill tilie pr<5S<^iit; C3«S6, t/hc clisaippi^ainiiioe of tUo iuia^o begins deep 
down in the emulsion. 

These phenomena as already reported by James and Vonselow (1953) are 
due to the displacement- of the adsoriitiou ecjuilibria of organic conij)ouuds and 
sodium sulphite, on silver halide grains. Thi following equation as suggested by 
Chateau (1956) ean explain the phenomenon 

2Ag NaS03-> 2Ag-|-Na2S20fl 

AgS.A+Ag++H./)4Ag2S I H.,S04 

All the three sets of plates of KM), 200 fimd 400 micron thickness were tried, 
and it was found that all the three sets showed the coloration dcdeci; but the 
thicker ones are less coloured than their thinner coimteqiai ts. 

In coneltisiou, it was found necessary to choost'- a sodium sulphite to Amidol 
ratio which is 75% greater than the ratio adox)ted in Brussels or Chicago deve- 
lopers. Further, the following proeessnig conditions used by the author were 
found to give host results : 


TABLE II 


Emulsion 

Water 

Developer 


St.oi> bath 

thicloiOBS 

pre-soak 

pro 

-soak 

Development 

1 % OH:,COOJ1 

(microns) 

Temp, 

Time 

Temp. 

Time 

time 

Temp. 

Time 



Ifrs. 

TOQ 

Hrs. 


TOC 

Hrs. 

100 

4 

0.4 

4 

0.4 

Variable 

4°C 

0.4 

200 

4 

1.0 

4 

1.0 

Variable 

4°C 

1.0 

400 

4 

2.6 

4 

2.6 

Variable 

4"C 

2.6 



Eixatiori 



Glycerinization 



(40% hypo) 

Washing 

One percent 

(Microns) 


Tornp. 

Time 

Temp. 

Time 

Temp. 

Time 



T°C 

Hrs. 

TOC 

Hrs. 

T°C 

Hrs. 

100 


18 

3.6 

8 

4.0 

6 

0.5 

200 


18 

8,0 

8 

10.0 

6 

1.0 

. 400 


18 

24.0 

8 

28.0 

6 

2.0 


Fog was removed by rubbing immediately after the stop bath treatment. 

2) Dependence of track and grain structures on the hot stage temperature^ hot 
stage time and sodium sulphite concentration : 

In this connection various parameters, viz., diameter of the track grains, 
volumetric grain density, total gap length, mean gap length and blob density 
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were Htudied by the author, in the case of Ilford 200 mioton plates, some 
work has already been reported by Fatzer (1969) in this connection. Sodium 
sulphite/ Amidol ratios and temperatures different from those used by Fatzer 
have been used. Results, although identical with those reported by Fatzer, 
differ in the peak values of the curves as reported : 

a) Diameter of the track grains : 

Moan grain diameters were plotted against the development time, for two 
temperatures and two sodium sulphite concentrations. The results obtained are 
plotted in Figs. 1 and 2. 

Moan diameter of the track grains was found to increase rapidly with the time, 
in the region of under-development. It, however, attained a constancy in value 
for longer development periods (Figs. I and 2). 



J>EY£LOPMeMr TiMe M HRS 


Fig. 1, Grain, diatuotors plotted against dovelopiuont time for two different temperatures. 
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Further, it was obsered that an increase in the sodium sulphite concentration 
and development temperatures causes a decrease in the grain diameters. 

b) Volumetric grain density : 

Volumetric grain density was found to increase with an increase in the hot 
stage time and the sodium sulphite concentration. The observations are 
plotted in Fig. 3. 
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Fig. 2. Grain diamotors plotted against the development time at two different temperatures. 
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Fig. 3. Volumetric grain density plotted against hot stage time at two NasSOs concentre* 
tions. 
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1) ToUil gap length : 

In ilie region of uudcr-development total gap length was found to decrease 
with an increase in the development time. At longer development periods, the 
total gap length becomes constant. At normal developments, however, the 
total gap length decreases with increasing temperature and is independent of 
sodium sulphite concentration. (Fig. 4). 
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Fig. 4. Total gap length plotted against dovelopiuont time in hours. 


2) ]\^ean gap length : 

The following ])oiiits were obseiwed in connection with the mean gap length, 
which was calculated by dividing the total gap length by the number of blubs. 

1) M.G.L. is independent of the duration of hot stage time, excepting in the 
case of under-development. 

2) M.G.L. decrease with an increase in temperature. 

3) It does not vary with a change in sodium sulphite concentration. 

5) Variation of blob density. 

Blob density was calculated by dividing the number of blobs by the total 
length of the tracks. It was observed that the blob density increases in the 
region of under-development. liise in temperature was found to cause a consi- 
derable rise in the blob density and after a certain value of development time, 
the blob density attained constancy in value. These obiservations are incor- 
porated in Fig, 6. 
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(3) Removed of microscopic fog from the plates : 

Background of developable but unexposed grains of silver bromide, mani- 
festing itself in the form of microscopic fog, is a great handicap in the emulsion 
work. The idea underlying removal of fog is to develop an uiiexposed plate to 
reduce all the developable silver bromide grains, to free silver, which is then 
removed by reduction* Photographic reducers consist of oxidising agents which 
4 
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oxidise free silver to a suitable salt, wliich in turn causes a reduction in the 
opacity of t^ie image. 

Well known formulae using potassium permanganate and potassium bichro- 
mate were used in this laboratory. Potassium permanganate formula was found 
to give better results, and also it was observed that potassium bichromate formula 
does not cause complete reduction and the grains tluis reduced partially are again 
developable. 

Out of the formulae suggested by various workers, the following formula 
modified by the author was found to give best results, without affecting silver 
bromide in the emulsion. 

Sol. 1 — Potassium permanganate — 3 gms water to make 
1000 c-c 

Sol. 2 — Sulphuric acid — 8 cc water to make 
1000 cc. 


Procedure : 

The plate was first deveJoped in the Eastman developer i)-ll for a time 
greater than the usual, so as to be sure about the deveIoj)ment of undesirable 
grains. The plate was then washed and immersed for about 40 minutes in a 
freshly prepared mixture of equal volumes of solutions 1 and 2. This procedure 
was tried for plates of various thicknesses. Following t imings w^re found necessary ; 

Plate thickness (microns) 100 200 400 

Time in minutes 30 40 55 

Thus longer time was needed for the (iearani^e of thick plates, as compared 
to their thuiner counterparts. In order to remove the brown stain produced by 
potastiura. permanganate, the plato w as again w ashed ajid placed for 15 minutes 
in a 10% solution of sodium bisulphite. This procedure w as found best for the 
removal of the backgroujid fog. 

4) Backgrouful eradimtion in nuclear emuMon 

The background is partly due to the accumulated latent images of a tracks 
and stars produced by traces of Ra and Th, normally present as impurities in 
the emulsion and partly due to the cosmic ray background. 

It was found that storage for several hours in humid atmosphere goes 
a long way in accelerating the fading of latent images due to the background. 
Thf emulsions thus treated were then dessicated for 1 to 2 hrs. over calcium 

Further, the effect of both the temperature and humidity on fading was 
investigated so as to find out their effect on the eradication of the background 
tracks. 
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Effect of temperature on fading : 

The variation of the fading rate with the storage temperature may be deter- 
mined from a consideration of the effect of temperature on the velocity of a gas 
solid chemical reaction, such as is assumed to octuir during fading between certain 
constituents of the atmosphere and the silver development centres of the exposed 
emulsion. This gives a form of the Arrhenius relation with —dNIdt, the rate nf 
disappearance of the development centres, a$ the ecpiation 

Ce 

dl 

where C and K are constants and T the absolute storage temperature. The 
equation shows that the fading produced under otherwise fixed conditions will 
bo an exponential function of the recipr‘ocal of the absolute temperature, a result 
confirmed by Farragi (1949). This shows the effect of storage temperature on 
the background eradication and it is found that the expeiimental findings 
are in acjcord with the theory. 

Effect of humidity on fading: 

According to Albouy and Farragi (1949) fading is a result of the oxidation 
of the development specks by the atmospheric oxygen in the presence of water, 
the reaction as proposed by Albouy and Farragi proceeds as 

Ag+0 +H20->Ag+20H“ 

It is evident that the presence of an excess of 0n~ ions i.e. PH value above 
7, will act to inhibit the reaction, while the inoro acid conditions accelerate it. 
Thus, an increase in the humidity causes a decrease in the fading rate. 

The following graph showing the effect of both temperature and humidity 
on the background eradication is in accord with the theory. 

Theoretical investigations due to Beiser (1951) also lead to the following 
equation for the fading coefficient 

-l-Exp.^a) 

JJq 

where Dq — grain density produced upon Immediate development 

D == grain density after a time t 

C = constant depending the size of Ag specks 

The fading coefficient plotted as a function of f, for various values of C, is 
in agreement with the experimental curves. 
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Fig. 7. The variation of the fading coefficient with the time of etorage at variouB 
temperatures. 
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INTERPENETRATION OF TWO IONIZED GAS CLOUDS 
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ABSTRACT. Collisions of two ionized gas elonds have boon eonaidorn<l and it is shown 
that the counter streaming will, in genc^ral, be unstafele and the double stream will form small 
clouds of space charge at the expense of streaming ^snrugy of tlii^ cilonds, Tbosc^ small clouds 
are responsible for the geomagnetic storms ami Ibr the generation <A' radio noises from 
colliding galaxies. 


introduction 

Collision of two fully ionized gas clouds is of considerable imj)oriance in 
explaining the geomagnetic storms and the gejieration of radio noise from the 
colliding galaxies. It is found that the counter streaming of gas cloud will in 
general be unstable excejjt for the (iaso when the density of one of the streams 
is extremely low as compared to that of the other. The double stream will form 
small clouds of space charge at the expense of the streaming energy of the clouds. 
Those small clouds may bo able to reach the earth and diffuse through the geo- 
magnetic field producing geomagnetic storm. These space charges clouds, bet^auso 
of their stray electric fields, may be. rcsjMmsible for the generation of radio noise 
from the colliding galaxies. 

COUNTERSIREAMJNG OF IONIZED GAS CLOUDS 

Suppose that a completely ionized neutral gas cloud of initial uniform den- 
sity electrons and protons per cm* moving with initial uniform velocity 
Vo,. Let a similar stream with density ^^lectroiis and 
be moving with velocity — Voa- We shall further assume that the temperature 
and velocity of each stream bo such that the thermal motion among the particles 
and the collisions by coulomb interacjtion may be ignored. 

Let us consider that these two gas clouds impinge upon one another. After 
the counterstreaming we shall assume the deviation in the densities and velo- 
cities from the initial uniform streaming to bo of the first order only and are 
regarded as functions of position and time. We shall use the subscripts 1 and 2 
to refer to the two streams and subscripts e and p to denote the electrons and 
protons respectively. Thus we let their densities and velocities be 

, ♦ Senior Fellow of University Orantjsi Commissiqn, India. 
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= ••• ( 1 ) 

^ $2 ~ ■^o2"^"^e2> ~ ^ otT^'^PZ •** (^) 

Vei == Voi+vei; Vpi — Voi+Vj,i ... (3) 

V^2 ~ V/)2~l~^i’2* Vp2 ~ Vo2“i“Vj»2 ••• (^) 

Then if the electric? field is E, we have the Poisson equation 

div ^7 = ••• (^) 

The equations of motion are 

[|, l(V.,-r«.i)] V,.^;e ...(6) 

[ f„ 4(V„ l!r»<l)]v„-- J^E ...(7) 

[ ^,4(V„-gr.,l)]V..-.lE ... (8) 

[ |+(V,..gr»i)] V„=-j^E ... (9) 

and the equations of continuity are 

[ I 4-(V«. grad)] N,,+N,, div V„ - 0 ... (10) 

[ f<+(V,i. grad)] div V,i-0 ... (11) 

[ -f (V,s. grad)] JV„+iVr., div V« = 0 ... (12) 

[ % +(V,*. grad)] div = 0 ... (13) 

Here e and m are the electronic charge and mass respectively and —c and M 
are the respective quantities for the protons. Combining equations of the motion 
(Eqns. (6) to (9)) and equations of continuity (Eqns. (10) to (12)) and using 
Eqns (1) to (6) we get after some simplification 

+(Vol * 8^®*^) j == %2) ••• (1^) 

[ d 1 * 

^^+(Voi. grad) J Wyi = ••• 0-^) 
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-(V<, 2 . grad) 

2 

(16) 


. d .. . 1 

2 



j|-(V„.gr.d)] 

np2 = 

(17) 

Here co’s 

represent the electron or 

proton plasma frequencies in the two streams, 

viz, 

2 _ 4nN„e<‘ 

^ m 

and < 0 ,* = 

M 

\ 

(18) 

Substracting Eq. (15) from 

equation (J4) and Eq. (17) from Eq. (16) 

and 

putting 

«i = nti-fipi 

and 02 ^#2 

(19) 


Ml* = m„® 4 -m,i* 

and tOg*-* =- 6)^2^ + 

(20) 

We find 

f d 

1 ^ 



[ +(V<,i • grad) 


(21) 


r /I T 2 

(22) 



^2 — —caaqai+aa) 


The s(3lution8 involving a’s can be represented as 

— ► 

a == exp i(€rt-\-K . r) (23) 

here r is the space vector. 

In the solution of the above tyj^e, with a given real k, the eounterst-reaming 
will be unstable for which cr is a complex quantity. In this case the amplitude 
of the corresponding oscillations can grow indifinitely. The minimum value of 
wave number for which this is possible gives the maximum value of the 
wave length at which there is instability. The double stream will then be 
imstable for complex value of a and will form small clouds of space charge with 
maximum length A^^ at the expense of the streaming energy of the beam. 

To determine the dispersion relation between o* and k we substitute equa- 
tion (23) into Eqns. (21) and (22) and after rearrangement we got 

[{o-+(V„i . ... (24) 

and 

[{<7-(V«s.»c)}— <» 2 *Ka= ••• (25) 
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Elimination of and from Eqns. (24) and (26) gives the relations between 
cr and k, viz.. 

{'T+(V«x . k)}V-{Vo 4 . '<)}*-‘»i®{o--(Vo2 . k)}® 

-a>a>+(V«iri^)}® = 0 ... (26) 



DISPERSION RELATIONS 


To study the nature of a for all real values of k we substitute 



V„x+V„2 = 2C7 I 

(27) 


V„x-V„2 = 2F J 






P — CO l-V * 

... (28) 

and 

— ► 



il - U . K 

... (29) 

in dispersion 

relation (26) and obtain 




... (30) 

Further, 

lot US put 



-^02 ~ ol 

... (31) 


Thus we have 


0 ) 2 *^ — 

~ (say) ... (32) 

and Eq. (30) reduces to 

(i>‘-*-«T - (1 I 6)o)^(pHo")+2(l-6)co2^a - 0 ... (33) 

This is the most general relation and difficult to solve exactly. Wo shall 
therefore study Eq. (33) for some specific cases of astrophysical interest. 

Case (i) fc 1. Lot us first consider that the streams have initially the same 
densities. Thus for ^ = 1 and Eq. (33) reduces to 

or ^^“-2 jp*(0*+<*>*)+Q*(1^^“'2co*) = 0 ... (34) 

It can readily be shown that for all real values of k and for 




... ( 36 ) 
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is always real and positive. However, there exists a real negative value 
for provided 

Let this value of be —rf- Thus we have 

a ^ + 

and hence for such a value of cr it is evhleni that the oseillatioiis will go on 
build-ing ui) with the time and will therefoiib make the whole system unstable. 
The minimum value of k, for such syitem may bo evaluated from 


... (36) 

... (37) 


^ 7nM 


... (38) 


and 


A 


max 


2tt 

^min 


% 


(39) 


Kahn (1957) has discussed a xiarticular case in which the two streams of 
ecjual density are moving in opposite direction having equal velocity U along the 
jj-axis. For this ease we obtain 


A 


max 



mriM 

M ) 


(40) 


Our results are somewhat different from those of Kahn (1957) because of his 
assuming only tlu^ electrons interactions. The protons were assumed to provide 
a uniform background of x>ositive charge because of their heavier mass, which 
in our opinion may not be a valid assumiition. 

Let us further assume that one of the streams is stationary, say V 02 
This gives 

U - V (41) 

and hence the stream will again be unstable ami the maximum stable length 
will bo given by equation (39) in conjunction with equation (38), 

Case (ii) Let us assume that a gas cloud is impinging into vacuum. 

Thus for 6;sJ() we get from Eq. (33) after simiilification 

- 0 ... (42) 

It is evident from Eq. (42) that p and hence <r is always real for all 
real values of k. Therefore the stream will plunge into vacuum without having 
any instability. 

5 
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.When b> > 1 tho situation is similar to that discussed for case (ii). For 
05^6^1 the problem cannot bo solved explicitly. The above discussion and 
the inspection of Eq. (33) reveals that tho beam will in general be mistable 
except for 6~() atid for lt>> | 

in S C II S S I 0 N OF RESULTS 

^ It has b(!en shown above that tw'o penetrating streams will, in general, be 
unstable even when one of the streams is at rest. This is of great siguificance 
in regard to the magnetic storm theory, where the solar ion streams emanating 
from the disturbed solar regions produce geomagnetic storms on reaching the 
earth. These solar-ion streams while penetrating the solar atmosphere will 
become unstable and will form small clouds of space charge moving towards 
the earth. These clouds on enteruig the geomagnetic field may diffuse uito tho 
earth’s magnetic field and a belt of trappcrl particles may be produced within 
the geomagnetic field, wliieh may be responsible for the main phase of the 
■geomagnetic storm. Kahn (19.')7) has alternatively suggested that the (‘ounter- 
stroaming will be stopped becaus| of this bistability. Such an effect would 
prevent the passage of solar-ion stream through the solar atmosphere and inter- 
planetary matter. Thus, in our opinion, such an interiiretation of instability 
may not be probable. 

This instability and the formation of small clouds of space charge may also 
explain the generation of radio noise from the colliding galaxies e.g. Cygnus A, 
'NGC512K and NGO 1275. These Hpai^c charge clouds will produce the stray 
elo(d-ric fields aiul tho oharj^od particles luovjjig under the influence of this field 
may bo responsible for the radio (‘mission. 

KEFKllJilNCP^ 

Kahn, D., 1957, ./. Fluid MvvL, 2, 691, 
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. 

ABSTRACiT. In this technical note wo consider the infliionoo of a transverse magnetic 
field on the formation of a shocks wave in an oleptrically conducting field. We conclude 
that the presonoo of a transverse magnetic field is oonducivo to the growth of comprijssion 
waves and tho dticay of the expansion waves. 

It ia well known that the ordinary hydrodynamic compression shock wave 
involves an increase in entropy and that the rarefaction shock wave decays 
immediately into a continuous expansion wave. This is so liccaiise in a compres- 
sion wave, the waves nearer tlio source tend to overtake those further from it with 
the result that the wave profile becomes more and more steep until the pressure 
gradients become infinite. In this way a compression shock is formed whudi 
grows in strength as the process continues. In a rarefaction shock, on tho other 
hand, the waves nearer tlie shock lag more and more behind those in front of it, 
tho wave profile flattens till the pressure gradients vanish and ultimately no dis 
continuity effects are observed. In faid if a rarefaidion sluxjk is established, even 
momentarily, it would decay immediately into a continuous expansion wave. 
We will consider, in this note, the influence of a transverse magnetic field on the 
formation of a shock wave in an electrically (iondiicting fluid. It will be seen that 
the presence of a transverse magnetic field is condiicivi^ to the formation of a 
shock wave. 

For the sake of simplicity we will consider a plane one -dimensional shock 
wave propagating in a fluid of infinite electrical conductivity and specific volume r 
with an external magnetic field H oriented in a direction normal to the direction 
in which the shock propagates. We define the quantities and r/ according to 
Hoffmann et aLy 1950. 

f - I* . and c- - ... ' (1) 

♦Presont Addross : Aerodynamics Laboratory, Polytechnic Institute of Brooklyn 
Fr^port, N. Y*, XT. S. A. 
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These quantities take account of the contributions of the hydromagnetic interac- 
tion to the pressure p and the velocity of sound c through the magnetic pressure 
(H^ISn) and the Alfven speed Vj^^i = H(rj4n)^, We will call p"" and o’* the total 
pressure and the modified velocity of sound respectively. 

Let us now suppose that the properties of the fluid at two adjacent points 
differ in magnitude by dr, dU, dt\ dp"" and dc'" where v denotes the gas speed. 
We also assume that the respective parts of the wave passing through these points 
differ in speed of propagation by For the sake of simplicity, let us further 
assume that the gradients of temperature and velocity are small so that the dis- 
sipative effects of viscosity and heat conduction are negligible. Therefore each 
elementary part of the wave travels with the local speed of sound with respect to 
the fluid. The velocity of propagation <>1^ this part of the wave with reference 
to a fixed coordinate system is 




and the velocity of propagation of an adjacent part of the wave is 


so that 


-\-dv^ ” dc"" 


... ( 2 ) 

... ( 3 ) 


dV(a _ dv , dd" 
dp^ dp^ dy 


.. ( 4 ) 


Let us assume that the entire fluid was initally at rest with uniform pressure and 
temperature, and that each particle of the fluid undergoes isentropic changes. 
Therefore, the increments in pressure and density between adjacent particles 
obey the relation 





(r>) 


which yields on differentiation 

2c* ^ =- } (r^ % ) 

dp dp dr \ dr I 


... ( 6 ) 


Again it can be shown from the equations of constant ma^ss flux and constant 
momentum flux that 
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On carrying out the substitutions from (6) ami (7) in (4) we finally obtain 

dV^ T {dYIdT^) 
dp"" 26* {d2)'ldT) 

Nowif Idp"") is positive, the liigh pressure parts of the wave overtake the 
low pressure parts and a wave of compression steepens as it progresses. Similarly 
a wave of rarefaction becomes loss steep. On the other hand if {dV^j Idjf) is 
negative, a wave of compression becomes less ste(^p and a wave of rarefaction 
steepens into a compression shock. 

A fluid is said to be thermodynamically jfttablc if it does not cf)lla])se or expand 
catastrophically. For a fluid to bo thermodynamically stable, dV^} jdp*’ must be 
positive. It follows from (S) that the sign of dV^ jdp'" deismds on the sign of 


fp^ d^P , 3//2 
df^ dr^ 47Tr^ 


From the considerations outlined above, wo immediately arrive at the following 
conclusions : 

(i) Compression waves steepen and rarefaction \vaves flattcm when 


This happens when 
either (a) 

or (b) 



H//2 

47r 


> 0 


is positive 

d-'pjdT^ is negative, and 


d^p 37/2 
47rT2 


( 10 ) 


Therefore, a flattening wave of compression will begin to steepen as soon as a 
magnetic field of suitable strength is switched on. 

(ii) Compression waves flatten and rarefaction waves steepen when 


2 dy , 

dr^ 


4»r 


<0 


r* 


( 11 ) 
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This happens when (d^'pjdT^) is essentially notgative and 

(Ij2 


... ( 12 ) 


Hence it may be eoneludcd that the magnetic field enhances the steepening 
of a eotnpressiou wave and flattening of a rarefaction wave. Hence the presence 
of a transverse rnagnefb! field is conducive to the growth of compression waves 
and flic decay of the expajision waves. 

REPKRENCE8 
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ABSTRACT. The iiltmvioJoi absor|7tion spieim ol wi-cjliloj-ophenoJ siul D-hromoHiiiHole 
in the vapour, liquid and solid states hav(^ been stmliod. in the vajioiir phase, ja-tihlore- 
phenol yields about fifty sharp bands with the ^,0 Ixiiul at 3570 J cin-t. TJio obHorved 
frequencies are 151, 190 and 235 cm-i in the grokrid state and 120, ISO, 225, 302, 503, (>12, 
737, 858, 959, 1029 and 1086 cm'* in the excited state. In the spectnini of the litjuid, thtj 
bands are broad and the 0,0 band is displaced by about- 200 cm"i towards red with respect 
to its position in the vapour phoso. When tile liquid is frozen and cooled to — 180^C, 
no further change in the speotnun is observed. 

In the specitrum of o-bromoanisolo in the vapour state the 0,0 band is at 35015 cm~i 
and the observed excited state frociuoiicies are 221, 358, 517, 632, 685, 744, 955, 1031 and 
1233 om"i. The bands observed in the spoctnim of th<^ liquid are broad and the 0,0 band 
is shifted by about 390 cm-i towards longer wavokuigths from its position in the speef-nim 
of the vapour. With solidification of th() liquid and cooling to — 180^0, no apjireciable change 
is observed in the spectrum. 


INTRODUCTION 

The iiK/raviolct absorption spectra of a largo uunibcr of disubstituted lienzene 
compounds in difforoiit states have been investigated in this lalioratory to study 
the mfluenee of intermoleeular forces on the position and structure of absorj)- 
tion bands in the liquid and solid states. The present w ork is an extension of such 
investigations to the case of m-chlorophenol and o-bromoanisole. 

It appeared that the ultraviolet absorjition spectra of these comjiounds in 
any state had not been studied by any previous worker. The absoiqitiou sjiectra 
of the compounds in the vapour, liquid and solid states have, therefore, been 
analysed and the changes in the si)ectra observed with the change of state and 
temperature have been discussed iii the present paper. 

EXPERIMENTAL 

The experimental set-up was the same as that descrilxul in an earlier 
paper (Banerjee, 1956). Chemically pure m-chlorophenol and o-bronio- 
anisole obtained from Fisher Scientific Co., U.S.A., were used after fractional and 


♦ Commuiucated by Professor S. C. Sirkar. 
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repeated vacuum distillation. For studying the absorj)tion spectrum in the vapour 
states, cells of length 50 cm and 20 cm respectively and provided with quartz 
windows and a bulb attached to a side tube for containing the liquid, were used. 
In order to obtain suitable pressure of the absorbing vapour, the temperature of 
the licpiid was varied from — 20“(^ to 32"'C by immersing the container in suitable 
low temperature baths while the absorption tube was kept at the room tempera- 
ture (about 32'’C). 

Thin films of the substances of thickness of the order of a few microns were 
reejuired to produce bands in the liquid and solid states. The spectrograms were 
taken on Agfa Isoj)an films with a Hilger E 1 spectrograph giving a dispersio}! 
of about 3A per inni. in the 2600 A region. Micsrophotomctric reconls were 
taken with a Kipp and Zonen typo Moll microphotonieter and tjie absorption 
speedra were calibrated with the helj) of microphotomet-ric records of iron arc 
sped rum jihotographcd on each spectrogram as explained in a previous pajier 
(Banerjee, 1956). 


RESULTS AND DISCUSSION 

The ini(*roj)hotomctric records of the absorption spectra of 'm-cshloroijhenol 
and o-bromoanisole are rejnoduced in Figs. 1, 2, 3 and 4. The wave numbers 
of the bands with their approximate visual intensities and. probable assignments 
are given in Tables I, II, III and 1 V. 

The near ultraviolet absorption system in the case of the molecules of both 
the compounds, belonging to point group, is due to an allowed A' — A' transi- 
tion, with the transition rnomeut lying in the plane of the inoleiuile. Accordingly, 
the spectrum in each case consists of a number of intense bands with a strong 
0, 0 band. The results obtained for the two compounds are discussed separately 
in the following paragraphs. 


m^Chlorophenol 

About fifty sharp bands have been recorded in the spectrum duo to m-chloro- 
phenol in the vapour state. The most intense band at 35761 cm ^ on the long 
wavelength side of the spectrum which persists at low pressure of the absorbing 
vapour has been taken as the 0, 0 band. The other bands may then bo explained 
in terms of fretiucmeies 151, 190 snd 235 cm ^ in the ground state and 120, 180, 
225, 362, 503, 569, 612, 737, 858, 959, 1029 and 1086 cm’^ in the excited state. 
The Raman spectrum of the substance was studied by Kohlrausch and Pongratz 
(1935) who reported the frequency shifts, 193(3), 241 (2b), 409(3), 527(1), 684(3), 
769(0), 890(1), 995(6), 1066(3), 1088(J), 1157(0), 1253(2b), 1304(0), 1583(3b) and 
3070(0) cm“^ the intensities being given in the parentheses. It can be seen that 
the frequencies observed in the present investigation can be correlated with the 
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TABLE I 


Ultraviolet absorption bands of 

m-chlorophenol 

in the vapour state 

Wave No. 


Wave No. 


(om-» ) 


(cm-i ) 


and 

Intensity 

‘ Assignment 

and 

Int-eusity 

Assignment 

35626 (m) 

0-235 

. 36988 {wr) 

0 1 1227 

Of 2x612 

35572 (w) 

0-100 

‘ 37071 (w) 

0 + 959 f 362 

36610 (w) 

0-151 

i 37212 (vw) 

0 1 868 f 612 

35678 (m) 

0-83 


0 + 959+603 

35710 (m) 

0-235 { 180 

37232 (vw) 

0 1 2 X 737 

35761 (s) 

0,0 

37316 (w) 

0+1555 

0 f 959 + 612 

35793 (w) 

0 1-180-151 


0 1 1029-1-503 

35834 (m) 

0-f 225- 151 

37386 (m) 

0+1625 

35881 (s) 

0 M20 

37470 (m) 

0 + 2x858 

0 + 969 + 737 

35941 (m) 

35986 (m) 

0 + 180 

0 f 225 

37568 (m) 

37604 (m) 

0 + 959+858 

0 f 1086H 737 

36123 (w) 

0 1 362 


0 + 3x612 

36264 (w) 

0 1 503 

37670 (s) 

0 f- 2 X 969 

36330 (vr) 

0 1 569 

37700 (vw) 

0 + 1086+858 

36373 (m) 

0 + 612 

37736 (vw) 

0 i 969 ^ 1029 

36498 (m) 

36619 (m) 

36653 (m) 

04 737 

0 1 858 

0+858 1 180-151 

37810 (vw) 

37856 (w) 

0 f 959+1086 

0 + 2x 1029 

0+1029+1086 

36672 (w) 

0 j 858 -1 225-151 

37949 (m) 

0 + 2x 1086 


0 \ 959—235+180 

37982 (m) 

0 + 3x 737 

36720 (s) 

0 + 959 

38033 (m) 

0 + 2x969 + 362 

36753 (w) 

0+969+180-151 

38346 (m) 

0+3x868 

36790 (m) 

0 + 1029 

38420 (s) 

0+2x969 + 737 

36847 (s) 

0+1086 

38526 (w) 

38643 (s) 

0 + 2x969 + 868 

0 + 3x969 


6 



206 . 


T. N. Misra and S. B. Banerjee 


TABLE TI 

Ultraviolet absorption Hj)octra of m-chloropheuol in the liquid and solid 

states 


Liquid at 32^(5 | 

Solid at — 180°C 

Wave No. 
(fiu-i) 

and 

i ntonwi ty 

Ansignmont 

Wave No. 
(cm-i) 
and 

Iiitonsity 

AsBignmerit 

35508 (Hbi)) 

0,0 

35564 (Hb) 

0,0 

36447 (Hbb) 

0 f 939 

36485 (sb) 

0 ] 921 

37398 (wb) 

0 1 2 939 

37414 (wbb) 

0 1 2x921 


I 


ground state frequeiudes observed by Kohlrauscli and * Pongratz. The up])er 
state frequencies ISO and 225 correspond ])roba})ly to tlie Raman frecpieiuries 
193 and 241 em"^; the observed ground state frequencies 190 and 235 em~^ are also 
in good agreement with the Raman data. The frequency 120 cm ^ may be 



36500 36500 37500 38500 

p in cni-i — ► 

Fig. 1. Micruphotometric record of the ultraviolet ubhiorption sjHM'tnim of m-clilorophenol 
in the vapour state . 

the excited state value of the observed ground state frequency 151 enr Though 
Kohlrausch et al, did not report any Raman shift of this magnitude, we are probably 
justified in taking 151 cin~^ as a fundamental frequency, because such low fre- 
quency fundamentals are usually observed in the ultraviolet absorption spectra 
of phenol compounds (Swamy, 1953; Ramasastry, 1951). This frequency probably 
represents an out of plane deformation vibration. The other excited state fre- 
quencies 362, 603, 612, 737, 858, 959 and 1029 cm"^ can be correlated with the 
ground state frequencies 409, 527, 684, 769, 890, 995 and 1066 cm““^ respec- 
tively, observed in Raman effect. The strong band at 36847 cm-^ may be ana- 
lysed as 0+1086 cm~^, there being two weak ground state frequencies 1088 and 
1167 cni~^ reported by Kohlrausch et al. Similarly, the weak band at 36988 
and 373J6 cm“^ may be assigned as 0+1227 and 0+1555 cra"”^ respectively, 
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since there are two Raman lines at 1253 and 1583 cm \ hut those two hands can 
also be alternatively assigned as coinbijiation froqiieiicies as shown in Table 
I. The band at 35710 cm ^ on the longer wavelength side of the 0, 0 band at 
a distance of 51 cm~i und those at 35793 aiid 35S34 cm ^ with shifts of 32 and 
73 from tho 0, 0 band on the short waveleiigth side may be explained as 

v' -> V transitions as shown in Tabic I. 



35500 36500 37500 

V in om’i 

Fig. 2. MiorophotomoiiM^* rocorclw rif tho iiHravioloi ahH«»rp(i()ii Kpootra of m-ohlorophenol, 
(a) Ijiquid at 32"C. (6) Solid at — 180‘’0. 

Tn the spe(drnm of the litiuid there are tlrnn^ broad hands with centres approxi- 
mately at 35508, 36447 and 37398 cm the (uuitn* of the first hanr! being taken 
as the position of the 0, 0 hand. Tims it is seen t hat the li(|uefaction of the vapour 
results in a shift of about 260 (tm ^ towards red of tlio 0, 0 band. The three })ands 
due to the liquid show a constant, separation of about 93il cm ^ (^^ojnparing this 
with the frequencies observed in the s])ectrum of the va])our, it a])pears that this 
smaller value may be du(^ to uncertainty in the location of the 0, 0 band exactly 
in the case of the liquid. Tlie shift of the 0,0 baiul may be due to association 
of the molecules through thc' () — H group. 

When tho licpiid is frozen and cooled to — ISO'^fy there is no appreciable change 
in thc position of the 0, 0 baud. Thc bands arc^ a little shaq)er but still quite 
broad. This large width of the bands may be produced })y tho interaction of the 
permanent dipoles in the neighbouring molecules with the transition moment 
of the excited molecule. It is well known that large sx)littings are observed in 
some cases of substituted toluenes and dichlorobenzeues (Swamy, 1952, 1953; 
Sen, 1957). In thc present case such splitting may be small and the large width 
of the individual bands may bo responsible for the overlapping of the compo- 
nents and producing only a single broad band in place of its resolved components. 
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o.Bromoanisole 

The absorption spectrum of o-bromoanisole in the vapour state consists of 
about 17 prominent bands. The strongest band on the long wavelength side 
at 36616 cm-^, which persists at — 20°C, has been taken as the 0, 0 band. The 
other bands have been interpreted on the basis of the fundamental frequencies 
221, 358, 617, 632, 685, 744, 956, 1031 and 1233 cm-^ in the upper state and 
their combinations, and frequencies 189cm-’ 233 cm-’ in the ground state. The acd 
frequencies 517, 632, 686, 744, 965, 1031 and 1233cm-’ evidently correspond to the 
ground state frequencies 644, 659, 743, 792, 1023, 1122 and 1237 cm-’ observed in 
the infrared (Lecomto, 1938). No infrared data are available for frequencies lower 



36000 36000 37000 38000 

V in 

Pig, 3. Microphotomotrio record of the ultraviolet absorption of spectrum of o-bromoanisloe 
in the vapour state. 

than 500 cm "^ and the Raman spectrum had not been studied by any previous 
worker, but the assignment of the frequencies 221 and 358 to fujidamental 
modes is probably justified. The frequency 358 cm~^ represents iai all probabi- 
lity in the excited state one of the components of the mode (606 cm^^ in tlie 
ground state) of the benzene molecule which splits up into two totally symme- 
tric components in the C, point group. Further, similar band has also been 
observed in the case of other substituted anisolos (Suryanarayana and Rao, 
1956). The frequency 221 cm may be correlated to the observed ground state 
frequency 233 cm""^, which again may represent an out of plane bending mode 
usually observed in the spectrum of disubstituted benzenes. 

In the spcctnim of the liquid only four broad bands arc observed. Taking 
35225 cm~' as the position of the 0, 0 band, the other bands are separated from 
the 0,0 band by 221, 961 cm~^ and the first harmonic of 961 cm~^. Thus 
it is seen that with the liquefaction of the vapour, the 0, 0 band is shifted by 
about 390 cm“^ towards red. 

When the liquid is solidified and cooled to — 18()”C, no further resolution of 
the bands into components is observed. Taking 35139 cm“^ as the position of 
the 0, 0 band of the system, it is seen that the band system is further shifted 
towards longer wavelengths by about 86 cm^”^ with the solidification of the liquid. 
The other bands of the solid represent excited state frequency 970 cm“'» 


Electronic Spectra of vuCklorophenol, etc. 209 

TABLE III 

Ultraviolet absorption bands of o-bromoanisole in the vapour state 


Wave No. 
(cm-i) 
and 

Intensity 

Assignment 

35382 (w) 

0-233 

35438 (w) 

,0—189 

35625 (vs) 

0,0 

35836 (w) 

0 + 221 

35973 (w) 

O 1-368 

36132 (mw) 

‘0 + 517 

36247 (mw) 

,0 + 632 

36300 (8) 

0 + 686 

36369 (mw) 

0 + 744 

36468 (ms) 

0 1 632+221 

36570 (ms) 

0 + 966 

36646 (w) 

0+1031 

36848 (w) 

0+1233 

37039 (m) 

0 + 686 + 744 

37192 (w) 

0 + 966+632 

37246 (m) 

0 1 966 + 686 

37520 (m) 

0+2x966 

37620 (w) 

0+2x686+632 

TABLE IV 


Ultraviolet absorption bands 

of o-bromoanisole in 
states 

the liquid and solid 

Liquid at 32^0 

Solid at -180°C 

Wave No. 


Wave No. 


(cm“i) 


(cm-J) 


and 

Assignment 

and 

Assigiunent 

Intensity 


Intensity 


35226 ( b ) 

0,0 

36139 (a) 

0,0 

35496 (w) 

0 + 221 



36186 (8) 

0+961 

36109 (b) 

0+970 

37136 (8) 

0 + 2x961 

37081 (8) 

0+2x970 
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SfiOOfl 36000 37000 38000 

V in om-i — ^ 

Fig. 4. Minrophotoinoiric records of the ultraviolot iibsorption bpoclra of o-bromoanisole, 
(ti) Liquid ui .S2''C, (b) Solid at — I80X\ 

disajipenincc of the othei* bauds is duo to broadening and consequent 
overlapping of tlie bauds of the vapour, in the states of aggregation. 

The bands are broad in the casc^ of the liquid and th(^ solid states, fn the 
fonner (taso, boili transition and fluctuating intermoh‘cuIar field may bo 
responsible for the large' width. SiiU'e ])oth these (causes disappear in the solid 
state, the pcrsisbuice of the large width of the bauds iu this ease may be due to 
unresolved components into which each baud may have been split up by the 
int/oractiou of the transition moment and permanent dipolc' of the surrounding 
mole(;ul(‘S in the lattice. 
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BOOK REVIEW 


MODERN GEOMETRICAL OI^TICS — By Max Hc^rzIxM’^er*. F^p 504 ] xii. 

JnterHcience Publishors, Now York, London, 11)58. Price $ 15.00 

This book gives purely mathematical tli(M)ries of imag<^ formation by 
optical systems* By representing the laws of retlection and refraction by an 
e(|uatiou ill which the vector product ol two Vseclors in tin* obj(*(‘t s])acc is ecjiiatiMl 
to a correKponding product in the image sp^'c, tin* problem of ray tracing has 
been reduced to that of solving ecjuations involving v(*ctors. 

The book is divnled into ten Parts, eaclii ])art consisting of sevt‘ral Cliaj)ters. 
Part T of the book deals wdth the tracing of riys through o])t i(%al systems and this 
can be done wdth the help of numerous fornnihw* invoKdng vt‘ctors and the nec^es- 
sary calculations c.an be made with the liel]) of ele(*tronic computors. Tln^ tt‘rms 
“diapoint' and ‘diamagnofication’ have been introduc.i'd in this [)art and the 
propertit'H of these ])oints have be(»n utilised in the sin^ceeding parts. Part- 11 
deals wdth Gaussian Optics and its applications to different systems ijicluding 
thi(‘k hmses. 

The general laws governing the passage of manifold of rays through 
o])tical systems have been discussed in Part 111. As before, the vector eijuations 
have been given for thes(‘ laws and the basic formulae* of Hamilton and Lagrange 
have been discussed in this jiai't. Tin* formatioii of images by concentric systems 
has been discussed in Part IV^ and tiie vector formulae* for the fo?*mation of images 
by rotation-symmetric systiuns including tlu* discussions on image-error theory 
and limitations of optical images fornjati«)n have been given in Part V. 

The approximation theory of image formation in normal systcuns has 
been given in the different chajiters of Part VI and tlu^ third and fitth-order 
image-error theories have been disiaissed in Part Vi I. In Ohaptiu* 31 of this Part 
formulae for the calculation of the characteristic functions for a combined system 
with the help of those for the parts of the systems have boon derived. 

Part VIII deals with interj)olation theory of llui optical image. The 
author himself has suggested an alternative method of solving tlu^ ])roblem ot 
image formation by eomi)licated optical systems. In plac.o of the actual ray 
tracing, help of some interpolation formulae is takmi in this method. The ana- 
lysis of spot diagrams is discussed in Chapter 33 in this Part. 

Geometrical optics in inhomogeneous media is discussed in J^art IX. Part 
X comprising four chapters, gives appendices dealing with I) Vector analysis, 

*Tho unusual delay in the publication of this review duo two oversight is very much 
regretted. Editor. 
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2) Miscellaneous mathematical tools, 3) Numerical examples and 4) Historical 
remarks. A Bibliography is also given at. the end. 

The author himself has made remarkable contributions in this field and he 
has stated in the Preface that this book is the result of more than fourteen years’ 
continuous labour. The tremendous amount of calculations required for the 
derivation of the numerous formulae and for their verification will show the 
amount of labour involved in the preparation of this volume which is a great 
treasure to opticians engaged in the design of high-precision optical systems. 
The book is especially useful to those workers in the field who have facilities for 
using electronic computers. It is also useful to post-graduate students interested 
ill applied optics. The get-up is excellent. 

8. C. 8. 
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EFFECT OF WORLD-WIDE CHANGES OF ISOTROPIC 
COSMIC RAY INTENSITY ON THE DAILY 
VARIATION OF COSMIC RAYS 

K. P. KANE 

Physical Kkshauuh LabokaiJoiiv, Aumehahad 
{Received, February 14, 1901) 

ABSTRACT. Various methods of ovHluHtin| the 12 bi-hourly values i‘e(|uirc*d lor 
a study of the daily variation ol (.'oginio ray iutoiisil^ uro discussed. Kstimates are oblaiiied 
of the distortions produced in the gemiino daily variation due to sIoik.*, cui-vatun* and shoj t- 
torm effects of the worId*wido 3uctuaf>iotiH in jsoiropie eosinie ray intensity. A nu'thod for 
(!OiTO<jting foj* such offocts is suggested and oxumiued critically. 

I. INTRODUCTION 

The daily variation of cosmic ray intensity is a very imjiorlant tool foi‘ the 
study of anisotropy of cosmie- rays. Daily variation is usually studied hy exami- 
ning the form of the daily curve as a whole or hy resolving the same into its Fourier 
<'omponenis. It can Ih^ studied for individual days, il’ the sOitistical aceuraey 
of the data is good enough, or for averages oven* groups of tlays, Foi* data having 
large statistical errors on individual days, histograms oi‘ hannonit; eoiujumenls 
obtained for individual days could still lead to useful Vunclusions. 

However, while studying llie daily variation of cosmic ray intensity, 
allow'ances are to be made for the effects due to world -wide ehangi‘s ol' the iso- 
tropic cosmic ray intensity as thestj are likely to distort th(‘. ti'ue form of a genuine 
local-time daily variation. Whereas Die possibility of such distortions is reeog- 
nisiHl by w^orkers in this field, some of tht recently jiublished results stnun to 
indicate that the extent of these distortiojis is not fully appreciated. The pur- 
pose of the present communication is to estimale the magnitude of such distor- 
tions under various conditions and for various aspects of study of the daily varia- 
tion. 


II. METHODS OV STUDY OK DAILY VARIATION 

The basic requirement for a study of the daily variation is the evaluatitm 
of hourly or bi-hourly percent deviations from mean. 8inee most of tlu^ w orkers 
use bi-hourly deviations, we will henceforth cousidei* only these. Percent bi- 
hourly deviations arc usually obtained by the Ibllowing methods : — 
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Metho(i A : Evaluating the aritlimetic mean of 12 siucossive bi-hourly valuer 
and expressing each bi-hourly value as percent deviation from 
this jiieau. 

Method B : Applying correction for the linear gradients of cosmic ray inten- 
sity by subtracting the 0 hour value of one day from the 0 hour 
value of the next day. The difference so obtaiuerl is expressed 
as per(*entage of the day’s mean. If this percentage value is desig- 

natetl as d, one subtracts the factor ^ ^ from the 7^th bi- 

hourly deviation obtained by method A above. 

Method (' : A])|)lying correction for the linear gradients by evaluating moving 
averages of 12 successive bi-hourly values and subtracting these 
from the t>riginal bi-hourly values. Since a mean of 12 successive 
values has an hour <)f centering not (H)ineidenl with any bi-hourly 
value but lying half-way between two bi-hourly values, two altej- 
natives are usually adopted : 

(i) Moving averages of 12 bi-hourly values are further subjected 
to moving averages over 2 consecutive values so that the iiew 
means so obtained have (‘entering (joineident with the original 
bi-hourly intervals. 

(ii) Moving averages arc calculated for 111 successive bi-hourly 
values instead of 12 sucessive values so that the centering 
is the same as for original bi-houriy values. 

In ]>rineiple, procedure (ii) is less rigorous; because* moving averages over J3 
consecutive bi-hourly values leave some residual daily variation in the means. 
In practice*, both methods give almost similar r(^sult-s. 

Fig. 1 is an illustratmn of the three methods and the daily variations ob- 
tained by using them for a sample bi-hourly data for the neutron monitor at 
Sulphur Mountain for September 21 — 25, 1957, when the cosmic ray intensity 
undergoes a depression of about 10% in 2 days and then recovers to almost- its 
original values in the next 2 days. The dotted line at the top (Curve X) is the 
plot of original bi-hourly values while the full curve Y sui)erinij)osed on it is the 
plot of moving averages over 12 consecutive bi-hourly values. Curves A, B, C 
show the daily variations obtained by methods A, B and 0 respectively. 

The following characteristics will be noticed from Fig. 1 : 

(a) Tlie daily variation obtained by method A is not corrected for linear 
gradients of the cosmic ray intensity and hence bi-hourly percent devia- 
tions for the 1st day (September 22, 1957) are positive for the first half 
of the day and negative for the latter half, croatmg a false impression 
of an early morning maximum of the daih' variation. For the second 
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(lay, the daily variation is eharac.terised by a iniuiminn ^vhi(•h is (’oiiioi- 
(leiit with the point of inflection in th(' general tn^nd of intinisit y change. 
On the third day, the pattern is reverse to lhat of first day, creating 
a false impression of afternoon maximum. 



o 

HOURS 


Fi^. I. Bi -hourly values and daily variation for noutrf>n intoiiKity at^ Sulphur Mountiiin lor 
September 21-26, 1967, 

(b) The daily variation obtained by method B is comparatively free from 
effects due to gradients on the Ist and 3rd day. Tdowever, for the 2nd 
day, the correction factor has been almost zero as tin* cosmic ray 
intensity has gone down and recovered again and the 0 hour values at 
the beginning of the second and third day are ahtn^st the same. Hence 
the daily variation on the second day is the same as the daily varia- 
tion for second day obtained by method A, 
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(<*) The daily variation obtained by method C is less affected by effects 
due to gradients as compared to the daily variations obtained by raethcxls 
A aufl B. 

tri. (‘OMPARISOK OF MKTFIODS A AND C FOR THE 

STUD y O F V A R T O U S ASPECTS OF DAILY 
V A K T A T T O N 

As seen iu the previous section, the daily variation obtained by method A 
is subject to distortions due to gradiojits iu cosmic ray intensity. If method B 
is employed, these effects are reduced to some extent but not fully, because the 
gradient is evaluated only fiom two bi-liourly values. In method (\ the gradient 
is estimat(ul at every bi-hourly interval by averaging 12 consecutive bi-hourJy 
values around the bi-hourly interval under consideration. Mcthorl C is, there- 
fore, superior to methods A and B. Since methods A and 0 are at the two ex- 
tremes and method B has intermediate characteristics, we will (onsider only 
methods A and C aiul estimate the order of magnitude of distortions involved 
when linear gradients are neglected iu various types of analysis. 

(1) Studf/ of daily variaiam av>eraqed over a group d(ty>^ 

The elfect of the gradients is to introduc^e extra contributions in the 
bi-hourly percent deviations. Larger the gradients, larger will be the 
distortions. However, gradients are both positive and negative. 
Hence tor averages over a group of days, it is expected that effects 
due to gradient of opposite signs will cancel each other to some extent. 
The cancellation will be more effective fo»* largcn* grou})s of days. Fig. 2 
show's the average daily variation curves for the neiitron monitor 
at Climax obtained by methods A and C for a 20-day interval and a 
6-month interval. It will be seen that whereas for the 20-day interval 
the poak-to-peak amplitudes are l..i% and l.:i% for methods A and 0 
respectively, the amjditudos are almost equal for the 6-monthly period. 
It should be noted that the aniplitu<les obtained by method A need not 
necessarily be larger. Distortions due to gradients will euhan(*e or 
reduce the amplitudes depending upon w'hether the phase of the extra 
contribution is similar or opposite to the })hase of tlie genuine variation. 

(2) Study of the frequency diMrihuiionH of the atnplitudei^ and time of maxima 
of the diurnal arid the semi-diurnal components of the daily variation. 

A useful way of studying the daily variation is by resolving the 12 
bi-hourly percent deviations into Fourier (harmonic) components for 
every day and studying the frequency distributions of the amplitudes 
and time of maxima. How^ever, such frequency distributions will 
suffer distortions if the genera] level of cosmic ray intensity is increasing 
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or decreasing with constant. gra<lients. Tin* effects of linc'ar gradienst 
can he estimated hy siiJ>j<‘cting to harmonic analysis idealised hi-honrly 
doviation.s giving sti aight line plots. Table I below gives sueh.estimates 
for the amplitudes and time of maxima of the 1st an<l :ind harmonies 
for positive and negative linear gradients (»f l.O*^);, ov(n- 24 honrs. 



Fig. 2. Average daily variation for noutron iiiteiiBity at- Climux for a 20-day and a O-inontli 
period. 


TABLE 1 



Ain p] it lido 

ri 

Time of mux. 

01 

Am)>liiiKlc' 

Tirno of mnx. 

02 

Linear incroaso of 1.0%/24 
hours. 

0.32% 

TT i 75'' 

^».17% 

TT \ 00"' 

Linear decrease of 1.0%/24 
hours. 

0.32% 


0.17% 

00” 


In practice, these vectors will ho superinii>osed upon tlio genuine dhiriia] 
and semi-diurnal vetdors. 

To sec how these distortions occur in actual data, the lii-hourly values 
of neutron intensity at (Mimax were treated hy methods A and C and 
harmonically analysed for individual days tor a 12 month ptu'iod. Fig. 3 
shows the frequency distributions for the amplitudes (r, and rg) ^^^d 
the time of maxima ((f>^ and second harmonics res- 

pectively obtained by methods A and 0. It will he note^l that the 
amplitudes of the first harmonic extend to larger values in method A. 
Also the frequency distribution of the time of maximum <f>^ of the first 
harmonic has a larger sprea<l in method A. 
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Fip:. Frequonoy difttributioiis for tho amplitudoft ( 1*1 and r^) nndtimefl of maximfi and 
02) for the first and second harmonics for Climax nenfroriB. 


(3) Hf^IafionMip hHirefn daili/ variafion and daily wean inienEity. 

For studying a relationship of this type, it is obvious that method 
A is not. suitalde; bec^ause the daily variation is already distorted by 
gradients in daily mean intensity to the extent indieated in Tabic T. 

(4) Mar and Terrestrial relationMps of daily variation 

Ft is well known that the daily mean intensity of (Munie rays is related 
to geomagnet i(^ disturbances as well as some solar phenomena. If, 
therefore, the daily variation of cosmic rays is studied by method A, 
all such relationships will affect the characteristics of the daily varia- 
tion also. Therefore, for this type of analysis, method A is not suitable. 

(5) Study of individual hi-hourly deviations 

As can be seen from Fig. 1, the individual bi-hourly deviations ob- 
tained by method A can be greatly distorted by the general trend in the 
daily mean intensity. Hence, method A is not suitable for this type 
of study. 

It may be concluded, therefore, that except for periods when the fluctuations 
in tho daily mean intensity are small compared to the expected amplitudes of 



Sljfect of World-Wide Clmyiges of Isotropic^ etc. 219 

daily variations or except w'heu daily variations averaged o\ long periods are 
under consideration, the use of method A is undesirable for a study of tlie daily 
variation, as it is distorted by what may be tcruuMl as “SJojk^ effects". Method 
B is better than method A but has its limitations as already leferred to al)()ve. 
Method C is more rigorous and lias a smaller Poisson standard erroi’ and lienee 
is preferable to methods A and B for most puiposes. 


LV. A CRITICAL APPRAISAL OF MKTilOD 


It was shown in the ])revious section that amongst the three methods for 
obtaining the bi-hourly percc'iit deviations from mean, metiiod C is the best-. 
However, it is lU'cessary to (‘xamine whetlu'r method is completely fr(M‘ from 
effects due to gradients. 

The bi-houriy cosmic ray intensity !'(() obs(M vt*d at may be (‘xpress(‘d 

as 


i\t) -- m I /('/^ 0 


h, sill \-^n\ ••• (0 

n 


whero J{t) is tlic isotropii' lev^cl of world-wicU* riw ijitwisil v tuid j('l' • I) is 

the daily variation, which can Ik* resolved into Fourier compouenis. Since all 
harmonics of periodicities of 24 hour.s or tractions thereot, reduce to zero when 
averages over 24 hours arc taken, averages of I'{i) over 12 successive hi-houiiy 
values will he equal to similar averages of 1(1). In method it is assumed that 
such averages of /'(<) values for 12 sueessive hi-hourl.y intervals are good estimates 
of the instantaneous values of i(/) for the inidille ot the interval, hueh an assuiu])- 
tioii is valid only when 1(1) changes occur w ith constant grmlients. if the gradients 
(i,e. slopes) change, distortions will he ]irodueed wliicli will he roughly }m>por- 
tional to the second derivative d-JIdt- of the (1 vs. I) plot. It is obvious, there- 
fore, that method 0 will give incorrect results durjjig periods wlien the gra.lients 
(llldt undergo large changes. 

The distortions produced due to changes in gradients can he hroadiv classi- 


fied into 2 t^qies: 

(i) Long-term changes of world-wide cosmic ray intensity with lime cons- 
tant exceeding 24 hours. These will luoduce distortions which will he 
termed as ‘'Curvature effects'’. 

(ii) yhort-term (hours-to-hour) fluctuations of a world-wide nature in the 
cosmic ray intensity. These will he termed as “Short-term effects . 

The contribution of “Curvature effects" to the daily variation can he esti- 
mated if the pattern of the intensity change is known. Consider, tor examiile, 
the patterns A and B show n in Fig. 4, which represent linear gradient schaugmg 
signs abruptly. In Fig. 4, pattern A corresponds to a constant gradient of 
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fU.l%/lir. for 18 tiucceBsive bi-hourly valuew, followed by a sudden change to a 
constant gradient of ~0.1%/lu\ for the next 18 bi-hourly values. This pattern 
corresponds to a ciiange of about 2.4% ])er day which is not uncoininon for cosmic 
jay neutron intensity at high latitudes. Pattern B (corresponds to a form exactly 
opposite to pattein A. 


Mi DOLE DAY 



Fig. 4. Sample ]>atterns ol' sudden changes in the linear gradients of cosmit; ray mtonsity. 

If the ])()ijit of inflection is assunued to coincide uith 12 noon (L.T) for the 
juiddic (lay and the data are treated by method C and the bi-lujurly percent devia- 
tions hariuonicjally analysed, the amplitudes and time of maxima of the first and 
second harmonics for the middle day are its given in Table 11. 


TABLE II 


I Hi harmonic 2nd harmonic 



Amp. 

Time of max. 

Amp. 

Time of max. 

Pttttoi’ii A 

0.24% 

180“ 

0.08% 

0" 

l^atiorn B 

0.24% 

0“ 

0.08% 

0" 


It will be seen t hat amplitudes of the order of 1/4% eaji arise due to ‘'Curva- 
ture (d‘feets“ on individual days, if the day iiududes the inflection point. For 
other days, as also for averages over groups of days, the coutributiun duo to 
“Curvatimj effects” will be negligible. 

As regards the contribution of “Short-term effects” to daily variation, it is 
difficult to investigate patterns as there are innumerable ways in which individual 
bi-hourly values can bo affected by world-wide short-term fluctuations of iso- 
tropicj (‘osmie ray intensity. From the data from a single station it is impossible 
to estimate the contribution of such changes to individual bi-hourly values. 
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AN EFFECTIVE METIlou ov K.STrMATIN(J THE 
\V O E E -n - \V 1 D E S H <> R T - T E R M (' II A N (1 E S O V 
<'0SM1C RAV INTENSITY 


As seen in previous section, data from a single station are iiuidequatc to 
separate out the genuine liaily variation of cosmic ray intensity from ils experi- 
rnontally obtained form distorted by jiossil.le "Short-term and (iurv ature effects”.' 
For long-term averages, such effects are expected to even out. hut for average.s 
over only a few days, there is a possibility ©f distortions. I'nfortunatelv, it is 
not possible to estimate their magnitude froj^ the data of a single .station. 

A little consideration shows, however. *hat there is a possibility of such an 
estimate if data from more than one station kre utilised. This is already jmiuted 
out by Sekido ft at. (I!)r)2). Referring hack' to E(|. (I), let us a.ssume that cosmic 
ray data are available for a number of statimis which are at the same geomagnetic 
latitmle and are at ecpially sjiaced longitudes all round the globe. 'I’hen. the 
cosmic ray intensity J'g(t) at the A--th station at time (/) would he given l.y 


f k(>) - I(t) t-X r„ sin !«(t I ijif.) 1 (2) 

U 

u'hi)ro and veprcstMit llio ainplitudc* and phases of tlu‘ //th liarnioiiic for a 
station of lougitudo zero (<//<, -- d) and is the longitude of the X‘th station. 
II values of for sueeossive stations differ hv a const ant (juantity where' 

yh is the number of stations, then 


and 




I) 


3f)<) 


... 


^ y'v sin n I / ; I -i j n ... (4) 

for n prn, wheu’o // is a peKsitive' integer, 

provided that the amplitudes and phases (/)n remain eoustant for more, tlian 24 
hours. Thus, if we eoueentrate our attention only on the first harmouie( n I), 
even two stations (w — - 2) sejiarated by - ISO will ensure that Kf(. (4) 

is satisfieil. To eliminate the seeoiid harmoJiie also {n. 2), we will need 

stations, 120"" apart in longitude. If data from 3 such stations are available, 
then the average of the pereenl eosinie ray values at the plate's for the stonv 
universal time (/) will he devoid of the first or seeojul harmonie of geuuine daily 
variation. 

It is obvious, therefore, that if the world-wide hi-hourly ])e!<*ejit im*au intensity 
obtained by adding the percent values at the same I’.T, of stations at roughl.v 
the same geomagnetic latitude and spared 120 apart in geograiihic longitude 
2 
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is subjected to an analysis of daily variation by method C, one would get an idea 
of the characteristics of the apparent daily variation introduced due to short-term 
and curvature effects of the world-wide isotropic intensity changes. With this 
view, data obtained during I.O.Y. were examined t<) select out suitable groups 
of stations. A study of the geographical distribution of neutron monitor stations 
shows that there is a preponderance of stations in the European and American 
longitudes but a marked scarcity in the Far East. The following factors have 
also to be kept in mind : 

(a) The stations should be at roughly the same geomagneti(‘ latitude to 
ensure similar cut-off energies. 

(b) They should have similar energy responses related to the altitude. 

(c) They sho\dd have been corrected for barometric effect by the same 
pressure coefficients (say, d.72_i_0.02%///d>. Hg.). 

(d) Data for each of them should be fairly continuous for about 12 months 
to give a large numljcr of common days. 

(e) The counting rate at each station should be fairly high (bi-hourly 
standard error about O.o%). 

(f) Th(\v should be 120xlb apart in geographic longitude. 

It was foujul that the following stations could be utiliscfl for analysis: 

(1) Lincoln or (Climax m Americas. 

(2) Gottingen or Weissenau and some others in Europe. 

(3) Yakutsk in the Far East . 

From the point of vie>\ of spacing in geographical longitiidc, Climax, Gottin- 
g(Ui and Yakut.sk is a very convenient group. 8inc(^ Climax is a high altitude 
station, LincH)lu, Gottingen and Yakutsk is perhaps a more a])propriate choice. 
Table 111 gives the details about the geographical locations and energy 
responses etc. fur the 4 stations. 


TABLE 111 


Statiuu 

Geomag. 

latitude 

Geograpliicai 

longitude 

Altitude 

(meters) 

Cut-off 

energy 

(BeV) 

Mean Fonger 
energy 
rtjsponse 
(BeV) 

Climtix 


loa'^w 

3400 

3.0 

9.7 

Liuoolu 

or 


350 

2.0 

12.1 

Gottingen 

52" 

10 E 

273 

2.4 

12.1 

Yakutsk 

5r 

129"E 

105 

2.2 

12.1 


The bi-hourly values for Climax, Lincoln, Gottihgeii and Yakutsk were 
obtained from the Japanese publicatioji *'(\)smic Ray Intensity during the 
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l.G.Y. — No. 1-2". Values for the same bi-huurly (G.M.T.) intervals were added 
to yield bi-hourly values of W and W' series defined as follows 

IT = (Climax -f Gottingen 1-Yakulsk) 

W' \ (LincoIn+ Gottingen -j- Yakutsk) 

Tf the pattern of daily variation remains oonstaut for more than 24 hours, the 
bi-hourly values of W or If' would be devoid of the 1st. 2ud, 4th and fith har- 
monies. The 3rd and 6th harmonics will he ivtained. 

The bi-hourly values of W and IT' were treated by nudlnxl V and the percent 
bi-hourly deviations obtahied for the 12 siiceeHsive bi-hourly intei-vals centered 
at 01, 03...23hr. 6.M.T. were considered as a^U/r. apparent daily variation* whicli 
would give a measure of the distortioji involved on any particular date. Except 
for the fact that the 3rd and 6th liai-moni(-s arc still retained in IT or W' and that 
some discrepancies would creep in, if the genuine daily variation is of a transient 
type (this is discussed further in Sec. VTI), the eharacteristi(‘s of the daily variation 
exhibited by W or W' would give an estimate r)f the “Curvature and Short-term 
effects” that vitiate the gejiuine daily voiriation. In tin* next section, results 
obtained for the 12 month period July 1957- -J urn* 105.S ai e dcscrihed. 

VI. OH ARA(;TKRTSTr(\S OV THR APPARENT *D A I b Y 
VARTATTON RUE TO “OUR VAT IT RE ANR 
S H 0 R T - T E R l\r E P F E 0 T S ' 

(1) Variance of daily variation : 

A useful criterion for studying tJic magnit\i(le of daily variation is th(‘ 
variance which we define as 

X 

where (SI^) is the percent deviation from tlie day’s mean for the bi-honr 
.r. F is a gross measure of the daily v^ariatiou on any particular day 
without any reference to the phase of the daily variation, and apart frf)m 
the contribution due to random statistical fluctuations, is a good measure 
of the average disturbance. 

Variances have been calculated for the world-wide isotropic neutron 
intensities TF and IF' as also for the neutron intensities at Climax, 
Gottingen, Lincohi and Yakutsk. The frequency distributions of 
F for the period July 1957 to June 1958 are shown in Fig. 5. It will be 
seen that the variance of the apparent daily variation of TF or IF' is not 
negligible and there is an indication that a portion of the daily varia- 

♦ Recently, Parsons (year?) has attempted to estimate the U.T. contribution to the 
monthly average daily variation cTirves for the experimental data of several high latitude 
neutron monitor stations. 
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lion, obwerved on individual days is attribiitahie to curvature and 
short-term effects. 



'*>. Fro(^iioin*y (iint rifnitiouK uf‘ variiinooH for IIMI", (‘limnx (f')» Liiioolii (/>). («ottiiigon 
{(f) and Yaknlsk (K). 

( 2 ) AmpHtudeH and tinas af warinat of daily rariatiori : 

A couvonieul wav of studying the daily variation vector is to resolve 
the 12 bi-hourly values into the first and second harmonics by the usual 
methods of Fourier ajialysis. This can l)e done either for individual 
days 01 * for averages over a number of days, ft would be interesting to 
see how much of the daily variation on individual days is contributetl 
by short-term and curvature effects. To study this, the percentage 
lu-hourly deviations for the intensity \V and H ', treated by method 
(\ wen* harmonically analysed for every day foi* which fidl data were 
available during July 1957 to June 105S. Fig. (i shows the fre(|ueney 
distributions for rj, r.,, <f>^ and the amplitudes and times of maxima 

of the first and second harmonics. For comparison, similar distributions 
for neutron nitensity at (Climax, IJncolii, (iottiugen and Yakutsk for tlie 
same ]>eriod, are shown. It will be rudiced that the amplitudes and 
/•.2 for H' and \V' are not negligible compared to those for C^limax, etc. 
This confirms our earlier conclusion drawn from the variance distribution 
that the daily variatioji on individual days is partly due to short-term 
and curvature effects as depicted by W and W'. It must be emphasised 
here that these apparent amplitudes cannot be attributed to random 
statistical fluctuations. From the known bi-hourly counting rates at 
the various stations, the Poisson standard errors of the amplitudes on 
individual days can be calculated. The 2(7 levels are indicated in 
Fig. 6 by vertical dotted' lines in the frequency distributions. It 

will also be observed that the distribution of the times of maxima for W 
and W' shows, as expected, no preference for any particular hours, 
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while for Climax, etc.. dircetioiLs near local noon an* favoured most for 
the harmonic. 



FiK* Freciuenoy dislributioiiH for the amplitiKiof! (ri. rj) aruJ times of maxima ^ 2 ) 

the first and second harmonics lor H', If"', (‘limax, I.iiucoiii, (Jottin^on and 'Hakiit«U. 
Vertical dotted lines in r,, distributions arc 2cr limits. 

(3) Monthly mean daily rariation : 

It will be interest iiig to osliinate tin* contribution oi tfu* a])])arcut daily 
variation when averages over groups of tlays are cousiflered. Table IV 
gives the amplitudes and the times ot maxima of the 1st and 2nd har- 
monies of the monthly average daily variations for If. If' and Cliiuax 
for July 1957 to June 1958. It will be seen that the inonthly averages 
for W and If' are not negligible. The amplitudes for If and If' are 
about Jrd of those for Climax for individual mouths but less than 1/5 th 
' for the yearly averages. It is elear, therefore, that the apparent daily 
variation depicted by If and W' progressively reduces in amplitude 
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Yearly average 0.03 108^ 0.04 | 0.03 -n* 0.03 -n" -90^ I 0.32 ^-}-69° 0.06 
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when averages over large periods (about an year) are obtauied. For 
smaller periods, consklerable distortions can occur. 

(4) Contribution of the apparent daily variation to averatp^s over tjroups of 
days selected on physical criteria : 

For studying solar and gt^omaguetic relatiojiships of’ the daily varia- 
tion, the usual procedure is to select groups of days according to 
certain criteria and evaluate the* average daily variations. For example, 
one could compare average daily variations on Jiiaguetically disturbed 
and quiet days. One could atieiipt to find (Murelated (‘haiiges bet ween 
daily variation and daily mean 'intensity and so oJi. Several workers 
have reported results of these types in the past. 

It must be noted, however, tihat in some of’ these criteria the days 
selected are such that they arifr associated with large gradients an<l 
curvatures of cosmic* ray intensity. For these, the apparent daily 
v^ariatiou due to curvature and shorl-terrn effects is ex])ectcd to he Jarg(‘. 

A preliminary analysis coiulucted by us for grou})s of flays s(*lected 
on the usual geomagnetic criteria has indicated that many of th<‘ 
characteristics reported for daily variation for days (*onforming to such 
criteria arc shown to some extent by the apparent daily variation also. 
This does not exclude the ])OHsihility that such characteristics will he 
depicted by genuine daily variatioji. It needs to he confirmed, howevei’, 
that such characteristics arc still shown when th(‘ ohserve<l daily varia- 
tion is corrected for effects due to the apparent daily variation. 

It must he pointed out here that the estimates of the a]>paron1 daily 
variation due to short-term and curvature effects as given above are 
only for middle latitude, neutron mofiitor intensities. The effects are 
I'oiiglxly proportional to tlie range of fiuetuations of cosmic ray intensity. 
Since the daily mean intensities of neutron component and meson from* 
ponent at cfiiiator slunv fiuetuations about J and i to J res]>ectivf'l\* 
of the mean intensity fluctuations of neutron iuteiisity at middle lati- 
tudes, it would seem that the distortions due to a])pareut daily varia- 
tion would he lesser in the above })ropcu-ti(»ns for ecpiatorial neutrons 
and mesons. This will certainly he true for curvature effects which are 
of periodicities greater than 24 hours. Foi* sliort-term fluctuations, 
it requires to be checked whether hour-to-hour ehaiiges of woiJd-A^idf 
isotropic intensities have also the same* latitude dependence as fluctua- 
tions of (lail.y mean intensity. 

Vll. MKTHOl) ()K fSTUDVlNCJ THK UKNUINE 1) A f h \ 
VARIATION OR O S Af I C KAV INTENSITY 

It is clear from the above discussion that the daily variation of cosmic ray 
intensity can be in error when studied for short periods Irom the data ol only one 
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.station. The le.siilts will he distorted due to the presence of an apparent daily 
vaiiation due to world-wide Hinduations of isotropic intensity. The magnitude 
of th<^ latter can he estimated hy eomhiaing <lata from three or more stations at 
roughly the same geomagnetic latitude and equally spaced hi geographical lougi- 
tudcK. On the other hand, to eliminate the contribution of the apparent daily 
variation and t(» study the genuine daily variation of cosmic ray intensity, it ^ 
would he ne<‘essary to subtract the world-wide intensity fluctuations from the origi- 
nal (lata of any one station. To give a specific example, we have, in the present 
communication, combined the data from the stations ("lirnax (Tottingeil and 
Yakutsk for similar hi-hourly intervals (U.T.) to obtain the series One eould 
now subtract the hi-hourly values of 11" from the bi-hourly values of (Mimax, 
Oott ingen or Yakutsk for the same l\T. and obtain series of bi-bonrly values 
w'hieb. wdien considered according to the local time of the particular .station 
wouhl give the basic 12 bi-liourly values for .study of the daily variation. To 
improve the statistics, one could superinqio.se the hx'al time bi-hourly values of 
the three stations. On the other hand, sinee the daily A’ariation may be of a 
tran.si(‘nt nature, oiu* may pi-ehn* to study the data obtained for the three stations 
individually and ob.serve tlie H hourly (‘hanges in the nature of the daily 
variation. Such an analysis may prove very fruitful for stmlying the influence of 
S.(\ storms as well as solar flares which arc conqiarativcly of short duration. 

It is necessary, however, to discuss at this stage the mcrfls and demerits of 
this method for all aspects of the study of daily variation. The necessity of 
adopting the })r(*sent metlKwl an.ses from the existence of short-term and long- 
term world-wide changes in the mean level of isotropic cosmic ray intensity. Also, 
its success rkqieiids upon its ability to eliminate tbe.se change.^ without eliminating 
a genuine daily variation. This is achieved if the genuine daily variation is of a 
constaiil ]iatteni. In practice, iiowever. one is likely to encounter complex 
patterns of daily variation. It is necessary to study in detail the various types 
of effects that one may ob.serve in daily data. Since the basic data are averaged 
over a bi-hourly interval, we will consider bi-hourly peneni de.viations as oin* 
basic unit. Samples of various ea.ses are illustrated in Fig. 7, where G and Y 
repre.sen1 bi-hourly values a< (Mimax, Gottingen and Yakutsk res])ectively, for 
the same T.T. indicated on abscissa, and W represents the average given by 

iv -■ i (GUM n 

(i) (^limax, Gottingen and Yakutsk all show a positive (or negative) 
bi-lio\irly deviation of the same magnitude at a particular bi-hourly 
interval. Then IF will al.so show a similar deviation at the same hour. 
This is illustratol in Fig. 7(i) and is a true world-wide effect with inagiii- 
tiides ivmaiiiing the mme for (\0\ Y, as also for 
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(ii) Climax shows a bi-hourly deviation al a particular hour l\T. and 
Gottingen and Yakutsk show the same deviation but S and 16 hours 


0 ) 


00 


(iii) 


7. 8ainph^ patttjrnw of bi -hourly (icviations fur Olmuix ((-*)> 

(F) and their average (if). 

later renpectivoly. This is a geiiuiJie L.T. daily variation oftect. Jt 
is illustrated in Fig. 7 (ii) and its elfcct on H will l)e to prodin^' thrc'e 
humps S hours apart and I /3rd in size. H harmonically ajialysiMl, the 
ir curve for sucli a day will show an ahs(3nce ot 1st, I2nd, 4th and oth 
harmonic. The 3rd and lith hannonics uill be ])nisent. 

(iii) Climax shows a bi-hourly deviatioji at a })arti<*ular liotir I .4 . 
but Gottingen and Yakutsk do not shovs any effect at this hour or K 
and 16 hours later. This is an impact zone type effect where Climax 
was in a location suitable for observing the eff(H*t but (»ott ingen and 
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Yakutsk were not. This is illustrated in Fig. 7 (iii) and produces a 
deviation in W of magnitude about l/3rd of that at Climax. This 
could as well occur at Gottingen or Yakutsk and in each case, W curve 
will be biased towards that station. 

It should also be noted that for individual bi-hourjy values, such aji 
impact zone effect cannot be distinguished from high positive or nega- 
tive deviations occurring at different stations at certain hours due to 
iuslrunientai troubles unless data from stations in about the same 
geographical region and altitude are available for comparison. 

(iv) Climax shows a bi-hourly deviation at a particular hour IJ.T. and Gottin- 
gen and Yakutsk show reduced or negligible amplitudes S and lb 
hours later. This is a genuine daily variation, the amplitude of which 
is changing ra]>idly, durijig the course of a f(‘w hours [Fig. 7 (iv)J. In 
this case, tlie various harmonics will not cancel out in the average curve 
ir. In fact. W will shovs' roughly the same tyja* of variation as in (iii) 
above. 

(v) (Climax shows a l)i-hourly deviation at a})ariicular hour U.T. and Got- 
tingen and Yakutsk show the same amplitudes but not S and lb hours 
]at(‘r, but somewhat earlier [Fig. 7(v)J. This is a case where a genuine^ 
daily variatioji is ccnistant in amplitude but has a chuKjlntj phufie. 
Here again, the daily variation Avill jiot cancel out in IT but will 
leave a residual variation of about I /3rd am}bitijde. in extreme cases 
wliere phase shifts are very large, the effect in \V could be compar- 
able in magnitude* to that at (limax or Gottingen or Yakutsk, 

(vi) One* could imagiju* ('as(‘s where both the amplitiHh‘s and }>hases changt‘ 
ra]>idly in the course of a few Innirs as in Fig. 7(vi). H(*re again the 
maximum amplitude hi IT wmild be lesser than the maximum distur- 
bance among the three stations. 

II’ now an attempt is madi* to study tlui genuine daily variation by sub- 
tracting IT curve from the (} and Y curves and considering IT), 
and (T— IT) as re])resentative of the genuine daily variations for (Mimax, Gottin- 
gen and Yakutsk resjiectively , the folloMing will happen : 

(i) The genuiiut daily variation so obtained will be comjiletely fret^ from any 
distortion effects due to world-wide changes of cosmic ray intensity. 
This will b(* true for individual bi-hourly values and heiice for all the 
harmonics of a ilaily variation. 

(ii) I f the rlaily variatioJi is constant in am])lit ude and jihase for more than 
24 Imurs, this method will give correct results for the 1st, 2nd, 4th and 
oth harmonies. The 3rd and btji harmonics will, however, be missing. 
For individual bi-hourly deviations, this method will show such devia- 
tions reduced to about 2/3rd of their original values. 
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(iii) It the genuine daily variatiun ia oj a rapidly <‘liuiigiiig ]iatU‘i'ii. tlu' 
effect of the present method will be again to reduce tlie amplilu'des 
to about 2/3rtl of their original values. This vill i*oughly Ix^ true 
for bi-hourly deviatioiis as also for the various hariuoiiies. la lh(‘ cavse 
of the latter, distortions in x^hases would also l)e expected. 

(iv) All abnormalities like im])aet zone effects oi’ bi hoiirly deviations diu' 
to faulty data will be reduced to about 2/:ird of their original values. 

Therefore, while taking a decision as to whether one should study daily 
variation of cosmic ray intensity by the present method or by the usual method 
C adopted for individual stations, one hais to choose between two altenuitives 
vi/., to eliminate w'orld-wide short-time fliietnat ions of eosinie ray intensity but 
in this process to reduce the amplitudes tlu‘ ntpidly chamjiiKj portion of daily 
variation to about 2/3rd of its original aniplitude or, to retain fully all giniuine 
daily variation but allow' distortions due to world-widi^ short term Ilmdnations 
of isotropic intensity. Such a decision would largely fle])end upon the relativ(‘. 
magnitudes of the genuine daily variation and tlu» apparent daily variation 
produced by short-term world-wide fluctuations. H would be wm-thwhih* get- 
ting an estimate as to how often world- wide short term flnet nations occur 
in a given data. For this jnirpose the data for W as described in tlu* pr(*seiit 
paper were considered as follow^s: 

Since the Poisson bi-hourly standard errors of (Climax, GottiiigiMi, Yakutsk 
and W are 0.12%, 0.41 0.50% and 0.24% respectively, amplitudes of about 

0.3% and 0.5% or more, are significant on a 2(r level (95% surety) for Climax 
and W resp(^etively, but not for (ilottingeii and Yakutsk. However. sinc<* the 
.standard error of Gotim>gen pln^s YakuM is about 0.09%, a value of 1.4% or mon* 
for this aum would be signifi(*aTit on a '2fr level. Hence, days w'crc soJe^cted on 
which at least one bi-hourly deviation for W exceeded 0.5% numerii^ally. Such 
days were termed as disturbed days. Now , W is related to (3iinax, Gottingen 
and Yakut. sk as 

Y). 

Therefore, it W'as further oxainiiied whether a particMilai* large f>i-houT‘ly 
fleviation of W was largely due to (! (Climax) or due to Gottingen and/or 
Yakutsk or due to all the three. The following categories were obtained ; 


Category (a) : 

(W due to world- wide 
isotropic change.) 

Category (b) ; 

{W attributable to 
Climax only) 

Category (c) : 

(W due to Gottingen 
and/or Yakutsk only) 


For positive W values, 

(i) TF>+0.6% 

(ii) 

(iii) (3TT~0)>-}-1.4% 

For positive W values. 

(i) TF>+0.6% 

(ii) C> 4-0.3% 

(iii) (3F-~0)< + 1.4% 


For positive W values, 
(i) F>+0.6o/o 

(ii) (7<+0.3% 


For noRativo W values , 

(i) ir<-o.6o/„ 

(ii) 6X-0.3% 

(iii) (3W~C’)<-1.4% 

For positive W values, 

(i) Tr<-0.6% 

(ii) C<-0.3% 

(iii) {m-c)>-i.4% 

For negative W values, 

(i) lF<-0.6% 

(ii) f7>-0.3% 
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On actually sejiai-atinj^ out the experimeutal flata by the above criteria, tb* 
following statistics were obtained: 

Total No. of (lays for which data were available ... ... HlS 

Total No. of days on which n(»t a single bi-hourly for W exceeded 0.5% 
numerically (Quiet days) ... ... ... 51 

No. of disturbed days ... ... ... 257 

No. of days of Oategory (a) (H' world-wide) ... ... 121 

No. of days of (Category (b) (W Olimax-dorniiiated) ... 94 

No of days of Category (c) (IF dominated ])y (Tottiugeu or Yakutsk) 17S 
It is obvious, however, that many days are common to the three categories 
(a), (b) and (c). A further breakdown was therefore attemptcMl and yielded the 
following results : 

Total No. of disturbed days. ... ... ... ... 257 

Category A Days on which one or more bi-liourly deviatiojis of IF 
were due to all the three stations (exclusive^ world- 
wide effect) ... ... ... ... 39 

Category H : Days on whicli one or more bi-hourly deviations of H' 

could be attributed to (liinax ejrchisiveh/.,., ... 2S 

( category ( • : Days on which one or more bi-hourly deviation of W 

could be attributed PxdvMvely to (xottingen and/or 
Yakutsk. ... ... ... ... SO 

(Category D : Days on which some bi-hourly deviations were due to 
(3imax and some due to world-wide ("Tfeet. (a) f (b) 
(category. ... ... ... ... 12 

(■ategory E Days on whi(?h some bi-hourly deviations were due 
to (Climax and some due to (xottingen and/or V^akntsk. 
(b)4-(c) categcjry. ... ... ... ... 28 

Category K : Days on which some bi-hourly deviations were due t-o 
world -wide effect and some due to Gottingen and/oi* 
Yakutsk. (a)4(c) category. ... ... ... 44 

(Category G : Days on which some bi-hourly deviotions were due to 
Climax, some due to world-wide effect and'Bonie due 
to Gottingen and/or Yakutsk, (a)) + (b) l~(c) category. 26 

Total (A j G) 257 

It seems, therefore, that almost all types of variations are present in the data 
ill various degrees. Thus, categories B, 0 and E are solely due to fluctuations at 
Climax, or Gottingen or Yakutsk. Due to lack of statistical accuracy, it is 
impossible to judge which of these are due to genuine daily variation of constant 
patte^rn and which are due to genuine daily variation of rapidly changing pattern. 
Also, all impact zone effects as well as abnormal fluctuations due to faulty data 
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would be ineluderl here! (^ategory A repre.seiit.s tiavN vxvluaioejy of the world- 
wide type while categories T). F and (J are of a world -wide us well as individual 
type, category G having th(‘ utmost disturbance. 

The effect of each one of these c‘ategories on l.ht* i*esulls (d* daily variaticm 
studied by the present metJuxl is already discussed above. It would be interest- 
ing to see what is the contribution of these to the amplitudes of the first bar- 
mouic of daily variation of IF. Since fi'equeucy distribution for a few days would 
not be very meaningful nor are the cat^egories completely unambiguous, the 
various categories referred to above were gron])ed as follows : 

Group L.. Category B, C, E ... Days Elfi 

Grou]) 2...(Jategorv A, 1), F, C ... t>ays 121 

Fig. S shows the frequency distribution of / tlu* first harmonic of tlie daily 
variation of W for the two groups, Tt will la* seen tliat the amplitudes of (Jroup 
I which contains effects on Tt' of I^.T. variations at all the three stations as also 
impact zone and faulty data effects, are confined to lower magnitudes than the 
amplitudes of Grou]) 2 which represents world-wide fluctuations. 



Fig. 8. Frequency distribution of the amplitude of first harmonic (ri) of W foi- Groups 1 
and 2. 

Tt would seem, therefore, that on almost half the numlxu* of disturbed days 
(121 in 257), the large values of If are either fully or jiartly due to world-wide 
effects which can produce apparent amplitudes as large as (1.5 % tor the first har- 
monic of daily variation. It would hardly be nceoHsary to emphasise the necessity 
of correcting for this effect by subtracting W from the individual stations. On the 
other hand, such a procedure would reduce the amplitudes of th(^ changing type 
of daily variatioji for 21 S days (Categories B, C, D ,E, F, G) to about 2/ITrd of 
their original values. For many of these days, the amplitudes will be due to ins- 
trumental faults, because as shown in an earlier publication (Kane, 1960), many 
of the I.G.Y. neutron monitor stations have discrepancies of the order of 1 2% 

in their bi-hourly values. Also, there will be no reduction in amplitude or 
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(Ustortioris of pluwe for tho 1st. 2nd, r>th niid tUli harmonics if tlie ^^erniine daily 
variation iias not changed its ])a1tern radically during the course of a day. The 
reduction will f)c only for genuine daily variation patterns which change rapidly 
within a few hours. Due to statist i(‘al uncertainties, it is impossible to estimate 
the number of days on whicii only such patterns existed. 

The choi(‘e is, therefore, between allowing apparent daily variations of ampli- 
tudes as high as O.o^o to distort the genuine daily variation or to eliminate the 
appar(Mit variation and in this ])rocess, redu(‘e the amplitudes of genuine daily 
variations of lapidly changing patterns to afiout 2/3rd their original value. Tlie 
])resent author feeds that t he latter would be the lesser evil. The reduction effect 

giv(ui bv ( I - I wIh'U in — Number of stations cendd be greatlv minimised 

\ Hi/ 

if data from mon^ than three stations equally spaced in geographic longitude and 
(‘outiiusi to r(uighly tin* same geomagnetic latitude wore available for analysis. 
1 hifortiiiiately, in tlic grid of 1.0.^ . m»utron monitor stations, it is difficult to pi(*k 
out (‘ven gr(»u])s of three C(|ually s])aced stathms. The best one can do is to concen- 
trate on groups lik(* (hmax (or JJueolii), (lottiugen, Yakutsk and to study the 
daily variation after subtracting from ea( h one of tliese tiie corresponding ft’ 
curve. Work in this direct ion is in progress. 

Vm. CM'>NCLTJSTON 

The results of the ])reseut analysis may b(* snmmaiised as follows : 

(1) FCxeept for studying averages over very long periods (about an year), 
it is jiecessary to apply corrections for the sloy)e, curvature and short 
te*rm effe(*ts due to world-wide fluctuations of mean cosmic ray inten- 
sity. 

(2) The slope effects can bo effectively (^orrec'ted for by assuming linear 
(diauges as doiu^ in method or method V. The (‘urvature effects 
are difficult to (*orrec;t but are fortunately of a small magnitude (~r).2%). 
llie short-term world-wide effects are the most important ones, o]i 
oceasif)us, as large as 0.5% for neutrons at middle latitudes, and cannot 
be corrected for unless data from stations in the same geomagnetic 
latitude belt and equally spaced in geographic longitude are available. 

(H) For studying only the first harmonic of daily variation, two stations 
ISO® apart are adequate. If, however, higher harmonics are to be 
considered, the number of stations should be at least three. In view' 
of the several complicated patterns of daily variation which are known 
to exist, the larger the number of stations, the better. Unfortunately, 
the present distribution of neutron monitor stations in the world is not 
(juite adequate for this purpose, Attention is drawm. of active workers 
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in this field to the gaps iji the longitudinal distiihution ot ci)sniie ra> 
recording instruments. 

(4) An analysis of data from (liinax. (.Jottingeii and Yakutsk indicates 
that the (turve W obtained as an average of these three, exhil)its an 
apparent daily variation having some* characteristits similar to thost‘ 
reported as belonging to the genuine daily variation of cosmic ray 
intensity. It seems necessary to corre<*1 for th(‘ a])])ar(uit daily varia-# 
tion produced diH‘ to world wide fluctuations of isotiopic cosmic ray 
intensity. 

(5) 1’he magnitude' of the distortieHis is dir(‘ctly |)ro])ort ional to llie* tlm - 
t nations of isotropic intensity. Fluctuations ot daily mean inteMisity 
ai*e roughly in the propoi'tion I for tMjuatorial and high latitude' 
neutron intensities, 'riierefore,' distortiojis due to slope and curvatun' 
effects would be about half at equatorial statioJis. Foi* mesoJi intensity 
the effects would be still less, It is iiot known, however, whet Iter 
the short-term (hour-to-hoiir) fluctuations have tlu* sami* latitude 
de])endejice as the daily im'an intensities. This needs t’urther scrutiny. 
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F*'* NUCLEAR MAGNETIC RESONANCE IN 
POLYCRYSTALLINE MgF^ 

S. K. GHOSH, LAHIIII and S. K. SINHA 

Sana Institute of Nuclear Physics, Calcutta 
(Recehed^ Fehruarij :il, 1961) 

ABSTRACT. Fiuoriiio uiickuir iiiaf.ruotic rosonanci^ lino shajie has been recordtul 
in |»oly(U’ystalliiic MgF.j. Tln' si^eoiid inoiiumt of the re(^oj*ded line-Hhaj)e has been compared 
with (hat (joiujmted from (lie known lattice structure of MgFg crystal ns gi\cii by X*ruy 
ditfraction studies. TJie agnMUnent is satisfactory. 

I . I N T K O 1) U C T [ O N 

The nuclear luagnctic rcsoiuiuce (N.M.R.) lines in solid substances are gene- 
rally iiroad, and very often sbou tine stnictures (Pake, 1948; Gutowsky et ai. 
1949). Thougli the prominent fine-structures observed in single crystals are 
considerably obliterated in polyerystalline samples, the line-shapt' study in poly- 
crystalline samples (*au yield significant informations regarding llie lattice stnie- 
tiires of the (crystals eoneerned (Andrew, 1955). 

In general, the energy levels available to a system of nuelear spins placed 
ill a steady external magnetic field //„, a^v sharj) when there is no mutual inter- 
actions between the nuclear spins. In such cases the absorjition lines observed 
in the usual N.M.K. experiments are also sharp. When the mutual interactions 
are present, the discrete energy levels describe<l above are s])read almost into a 
continuum, and the po^iulations of these energy levels are mainly determined by 
the spatial configuration of the nuclear spins in the system. As a result the ab- 
sorption lines become broad, and their shapes retleet the above spatial arrangement. 
'Phus, in prineijile, one I'an test a suggested spatial arrangement- of nuelear spins 
(foi' example, the lattice structure of a crystal) by eompntiug the expected line- 
shape with known forms of the mutual interactions between the sjuns, and com- 
paring it with the observed line-shape in N.M.R. experiments. Jt is. hoAvever, 
seen (Broer. 1943) that even if only the luagiieth* dipole interactions between 
the nuelear sjiins are considered, the rigorous derivation of the complete line- 
shape becomes prohibitingly (complicated when the effective number of the inter- 
acting spins is large. In smeh general eases (distinct from the systems containing 
strougly iuteraetiug pairs) tlie first and the second moments of tlie line shajie 
function can be computed easily (Van Vleek. 1948; Pake c/ a/., U)48) and can 
be compared with that obtained from the experimentally recorded line shape. 
This method of second moment has been shown (MeC-all and Hamming, 1959) 

im 
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to be capable of leading o)ie to establish the correct lattice si nu* lure in a single 
(irystal, where one has to start from a plausible structure and change the lattice 
parameters in a systematic way to fit the obsei'ved second moiueiits recorded with 
diffoi'ent crystal orientations with respect lo the external magnetic field. 

Howevei’, in powdered crystals such stiulies ari‘ obviously not ]K>ssible. 
Here the expression for the sei^ond moment is to In* suitably averaged ovei’ all 
orientations of the crystals with res])oct to tin* external magnetic field, and one 
observes only this averaged second moment. This again can be computiul on 
the basis of a suggested (Tystal structure and compared with the obsinwed vahu*. 
Such comparison is quite an efticuent method of cheeking thal sugg(‘sted latti(*e 
structure, especially when only the magnetic* flipole iuteraeiion is predominant. 

The present report describes the study of r(*sonam (* in MgF^ ])owder 
by the steady N.M.R. method, and a comparison of tlie second moment thus ob- 
served with the value eomputol from the lattice structure of MgF.^ crystals ms 
given by X-ray ^liffractiou. The agreement is fairly good. In Se(‘tioii II. the 
results obtaine<l for MgFjj ])ower are jireseiited and discussed. 


11. Foi NM.n. LINE SHAPE IN MgE, POWDEJt 


The steady line shape was recorded in a V'^ariaii NMIl Sjx^et lorncter 
(V4200B) with the Varian oleetromagnet system (V2I00A). A (J-lfi reeonler 
was used to record the derivative of the absorption signal. Tin* pn'cision 
field seamiing dial was calibrated by oliserviug the rotation of tin* dial reijiiired 
to bring back a proton signal (from Had) when the rf shilted by a known 
amount. This change in rf was measured by a beat method with the hel]) of a 
standard frcipieney generator (HP2tM)D) in eoujuueliou with a iuirmonic* genera- 
tor. 

The sample w as polyerystallim* MgF.^ (B.l). H. M-nalar grarh'). sealed in a Pyrex 
glass tube. 

The signal was observ(*d at tw'o ditlerent settings oi tin* speetrometiM’. 
In both of them the rf amplitude, the swecj) anqilitude and the field scanning 
rate w'ere kept low enough to avoid extra broadening and distortion of the line. 
In one set (r/^6.fi Mc/see), the values of the above (juantities wvtv ~2d in. gauss. 
'—'0.5 gauss, and ni. gauss/see. respectively; and in the other (r/^IO.TMe/si'c)* 
they were <^30 m. gauss, ^0.5 gauss and '^llm. gauss/see. respect ivelv .iMg. I 
shows one of these recorded derivative curves. 

Experiments were earned out at room temjieraturi^ (HO F). 

The second moment, AH" bus been calculated ciirec*tly from the deri- 
vative curves by using tin* formula 




( 1 ) 
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Ki*?. I. J>M-ivativo of N.M.R. absorption signal from MgFo powdor. 

wluMf Ay/ //* //, //* the rcsoiiaiKje value of the magnetic field, eorres- 

poudirig to the centre of the line, and f/(A/y) is the amplitude of the absorption 
signal. 'I’he average value from nine independently rec‘orded derivative curves 
(made symnudrict by graphical method) has been considered. This value together 
with tli(‘ value computed from the lattice structures as given by X-ray diffrac- 
tion studies (Jhiur, 1956) is shown in Table 1. The X-ray diffraction method 
shows that a unit cell hi MgF^ crystal can be drawn as shown in Fig (2), with the 
following values for the lattice parameters : 


T 


t 


^ ^ " ' 

. ■ 'A-r® / 






O I- 


Fig. 2. Unit coll of MgF. crystal (X-ray diffraction). 

„ . h 4.625 l(l.f.K)2 A 


c - 3.052 ±0.03 A 

and till' distances of the ^norine atoms from the central magnesium alom are 
Mg F(N) - 1.007 ±0.005 A, for N 1,2, 3. 4 
and Mg-F{N) -- 1,982±0.007A, for N = 5,6 
<t. b, and c are perpendievdar to each other. 

For computation of the second moment from the aliove lattice structure the 
following formula (Van Vlotik. 1948) lias been used, 

1 , . . ,m 1 , . . ,iV‘ 1 , . . ,w 1 , . . jJV 

<A//- 3l6.0148(l/w) X S ±6.060(1 /w) 2 Sr*/ ... (2) 

i i if 
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Here ‘m’ i» the number of fluorine atoms in the group that repeats itself through- 
out the crystal, and N is the total number fluorine atoms in tlu^ sample. r(k) 
is the radial distance between two nuclei, and ‘fc’ refer to fluoruie nuclei 
whereas refers to magnesium nuclei. As is seen from the relation (2), only the 
inagnetic dipole interaction between the nuclear spins has been considered, and 
the lattice has been assumed rigid. The ‘‘exchange interac^tion” (Bloembergeii 
and Rowland, 1955) between Mg^^* and has not been considered since' its 
contribution to the second moment is expected to be very small. Tlu' second 
term in Fa\, (2) has also not. been (‘omputed since the natural abundance of 
is only 10.05% and its magnetic moment is also small compared to that oi‘ 

In computing second moment from Eq.(2), only the nearc'st neighbours at dis- 
tarices less than 10 A have been taken into account. The neighbours furthei’ 
apart will add only a negligibly small contribution. 

TABLE r 

Second moment c of F^* resonaaci* line from MgF^ powder 

in gaiiRS-’ 

Computed from given lattice airucturc S . 54 

From tho recorded N.M.R. lino shape 8.5 

As seen in Table I, the agreement between the obseived and tlie computed 
second moments is (piite satisfacdory. 
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DECAY OF IONIZATION BELOW THE F-LAYER 

AT NIGHT 

r. BANDYOPADFTYAY and S. K. OHATTEHJKK 
[nhtjtdtk of JI/vDiopuysics and Elkotronk’S, Calcutta XJnivkbsity 
{Heceivedt Jantuiry 31, J961) 

ABSTRACT. ThUoiKi^o H (1959 6) oxporiiiioiiial r(>sultH ol Nariatioii of ilio total 
iwiioiint of ionization bolow the night-fiua* E-lay(»r have boon ro-exaiiunod. It has boon 
HliO\vn that it IS not possiblo, on iho basis of tho above roHults, to discriiniiuito botwoou Titho* 
ndpjo's ( onstmit «-niodoI and Mitra’s (I957«, 6) time dopondont a-niodol. On other physical 
i^riHinds, however, it is eoiiehided that whih^ Titheridgo's model will possibly hold in tlie upper 
part of th(^ region studied, Mitro’s model will be valid near tin* bottom. 

1. 1 NTKODXTCTl ON 

Ionization in th(‘ <lil’f(MTnt ionosjdierit* layers below the f'-re^ion det^ays 
rapidly after sunstd and as tin* plasma frequency /j^ of the ionization got's below 
./in/o tb(‘ low dVetjueney limit of the ionosonde - usually J.Omc/s — the ionization 
can no longer be seen' in the ionogram. A residual ionization, however, then 
persists at these levels throughout the night. Recently, Tithe ridge (1959a) has 
developed a method of estimating the total amount of this low-lying ionization 
extending downwards from the bottom of th(‘ F-layer (where equals l.Omc/a) 
u])to /^-region heights. He has studied by this method its mxtnrnal variation 
ov(»r Slough and Watlnu-oo in different s(‘asons and at differ(*nt ejiochs of the 
sunspot cycle. The observed variation of the ionization has l)eeii interpreted 
by Titheridg(‘ (19591)) to mean that throughout the above height range (200-100 
km. roughly) the r(M*ombiuaiion (*oeffic*ient rmnains eonstant with time around 
an averag(' value of 1 ,9 X 10 " ^ cm^/see. 

This (‘onelusion of Titheridge, as applied to the lowermost levels of the above 
height range, is in eontradiction with the reeombiiiatiou coelfieient model as 
suggested by Mitra (1957a, b). In the model of Mitra the night-time recombi- 
nation (‘oefficient, a, at these heights do(‘s jiot remain constant hut decreases 
with time from about x 10' ^ cm^/sec. at sunset to 3 x 10”^ cm^/sec. at. midnight. 

It is the purpose of this note to re-examine Titheiidge's results on the basis 
of a possible time variation of the night-time recombination coefficient as in Mitra's 
model and assumed valid foi* the whole of the height range in question. It will 
be shown that the variation of the total amount of the low'-lying ionization is 
insensitive to the a-modol used. Consequently, it is not possible, on the basis 
of Titheridge's results, to discriminate between his constant' a-model and 
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Mitra’a ‘time dependent* a-niodeJ ur tu find an uppei* height limit to the range 
of validity ot the latter model. On other physieal grounds, however, it eau be 
shown that while Titheridge's model will probably hold for the upper part <if the 
height range in question, Mitra's model will be valid near tin* bottom, 

2. I N T K H P R E T A T I O N OF K E S U b T S 

For a eoustant in time, the nocturnal variation of the total amount of the 
low-lying ionization is given by 

- * ... (I) 

if(b) I ! aA,/ 

where H(t) is th<‘ value of tin* total ionizatiiui any lime i iiiid pi(0) tlie value of 
the same at sunset {f 0) and xN^^ is assumoKi constant with height. 

(hirves marked and 7^ in h'ig. 1 show this variation for three ])ossible 

values of aiVj, chosen by Titheridge, namely 0.5 ■ 10 ‘*se(‘. I.Ox 10 ^mec^’ and 
2.0 X 10^^ see ^ His (‘onclusion about coiistaney of a with time from sunset 
to midnight is based on the fact that the <lifferen1 sets of his experimental ])oints 



//a(^S AFT£M SUHSer — 

Fig. 1. Relative amount of ionization below night-time i'’.layer. {Solid lines show the varia- 
tion after Titheridge for three different values of when a is independent of time. 
Broken lines show the variation for the same initial value of aa the curve marked 
T2 but with a dependent on time. Open ciroles, filled circles, triangles, and crosses 
indicate different sots of experimental values obtained by Titlieridgc. 
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(circles, triangles aiui crosses in Fi^. 1) for these hours follow theoretical curves 
of the above type fairly closely. 

When, iKJvvever, a is time depemlent. we may proceed to calculate the varia- 
tion of the total amount of the low-lyiiig ionization as follows : 

VV^* may f>ut. following Mitra (1054) 


or since p is small 


OL - ocj, mt 


wheie is th(‘ valm* of ol at sntiset. 
Integration of the conlimiily (‘qua1i<»n. 


(IX 

ili 


with OL as giv(*u by (2) yields 


■olX'^ 


X 


A'« 


( 2 ) 


... (3) 


... W 


when' A'„ iw tin- vahi<* of A’ at sunset. The total amount of the low -lying iiniiza- 
tioii at aJiy time t is tlien given by 

h, A, 


«.(/) 






( 5 ) 


where, as mentioned already, //^ is the height at wliich /'jy - l.Omc/s. 

Integration of (5) l ecpiires an advance know ledge of the sunset eleetron density 
distribution X^y First we use a simplified model (broken line curve of Fig. 2) 
in w hich in the height range of our interest (200 km 100 km roughly) Nq is cons- 
tant. 1'his »nay be taken as the idealization of an actual profile (full line) given 
in Fig. 2. Assuming after Titheridge that has no height variation 


n(6) I + otQN^^t — \m.N 4'^ 


{^) 


The decay of the total ionization represented by E<p (6) is shown in Fig. 1 
(curve marked A). 

The value of m used is 4.0 x 10“^® cm^/see*-^. It is taken from Mitra's (1957a) 
experimental model based on the critical frequency data of the night-time 
E-layer at Watheroo. a^iV^Q is chosen as l.Ox 10“ •'*/sec. to correspond to one of 
Titheridge's curves (marked T2) in Fig. L Since Titheridge's average value of 
ap is 1.9 X 10'"® cm^/sec. the above choice of yields as 5.3x10^ /cm®. 
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A comparison of the curve marked T2 with that marked A in 1 sho\^'s 
that for the first few hours after sunset the difference betwe^ the two modes 
of decay— one with ‘constant cl and the other with time dependent ol^ -does 
not become appreciable. 



'J. Kloctrou (lousity distribution iit siiusot. Broken lino oiir\o ik llu’i i(ioali/.ntion of 
an actual distributioii sliowu by full line. 


Instead of using the i(U‘alized prolile of Fig. 2 we may lake the actual distri- 
bution of ionization shown in th(‘ same tigunv This distribution has l>t‘(‘n given 
by Titheridge for Watlieroo at 5 minutes before sunset, 'faking this to lx* tin* 
sunstd distribution we have calculated, using Va\. (4). the ionization protiles at 

Watheroo for sueeessive hours after sunset. Tli<‘ variation of as obtained 

by numerieal integration of these pr^ofiles for heights lielow 200 km, is shown 
iji Fig, I (curve marked Ji). Tlie close agreement b(*tw(*en this curve and thos(^ 
marked T2 and ,4 is again noticeable. 


Fig. I shows that the difference between the modes of decay repn'sented by 
the eairves marked T2^ A and li , bt‘comes a])preciable only when obsi‘rvatious 
are continued for suffiieienlly long hours. One may expeeb tlnnidore. that data 
for the later hours may l)e useful iii distinguishing hetweeii them. At such lioius, 
liow'^ever, the situation becomes eompHeated by the ]ire])ond(M'aiice of anothei 
factor, so far neglected, namely, the effect of vertical drift of ionization. 

In the preceding ealeiilatioiis we have useil Milra s time-dependent a-model 
for the whole of the height range from the botton of the F-layer down to F-regiou 
heights. But that is just to show the iiisensitivenoss of Titherhlge s results to 
the recombination eoeffieient model chosen. On physical groujids, howevei , 
the time dependent a-model of Mitra eannot be used much beyond ^-regioJi 
heights. Its essential feature, namely, the time-depeudenoo of cc, is due to the 
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slow einergciK'e, jf metallic ions of the type which have a very low^ value of 
tin* l•e^<)^lbinrtt^i|p ( oeffirieiit ('-'10 om^/scc). These ions are, most probably, 
iiieteorie in origin. Although their distribution with height is not precisely known, 
i1 is l)eli(‘vcd that their cojicentration will not be appreciable much above 120 
or 130 km. In the absenc(‘ of these ions X'^ in the higher regions, which extend 
up to th(^ bottoju of the ^'-layer, eleetroji annihilation at night will take place, 
as in day-time, t hrough dissociative recoin bination of the positive molecular ion 
(hV For this casi*. therefore, we may use Mitra's (1950) day-time model, namely. 

2x_l0^'Vd02) 

^ 2 .. 1(» "/((62)-!-]“'<1oXV 

vvIkm-c- is th(‘ coiircutratioii of neutral oxygen molecules and .V is th<‘ tdectron 

density. 

At first sight, it may ajipear that here too. a will be time-dependent lieeause 
it iuclud(‘s (‘l(‘ctron-dcnsity A . w'hi<‘h is variabh‘. Actually, howev(*r, this is not 
so. Tin* (‘Icctron density of tin* Jow-lying ionization is always sihall. Henee 
I he term involving X in the (huiominator of the above ex])ression for a will remain 
negligibl(‘ com])ar(*d to the neutral particle density term upto eo]isid(‘rabIe heights. 
Kveu at 29t>km, near the bottom of the F-layer, and with N as 5 / HV'/em®, a 
typical value, the ^larticlo density term is more than live times greater than the 
(deetron density term. (Niiisecpieiitly. a in this region will be sensibly (‘onstani 
with time. 

Finally, therefore, it seems probable that while the recombination coefticient 
has a substantial night-time variation at F-region heights up to the level where 
meteoric contrilmtion to ionization has an appre(*iablc valmv in the region above 
and extending u]Ho t he bottom of the ?^-!ayer the coefticient is jiractically inde- 
[MMident of time. 
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TRANSMISSION CHARACTERISTICS OF PULSE-SLOPE- 
MODULATED SIGNALS THROUGH BAND- - 
LIMITED SYSTEMS 

J. DAS 

Inoian Institute or Technology, i^AiioPUit 
(liccfivedt October 3], 1O0|D) 

ABSTRACT. Distortion, crosstalk and iKiiso c}u4|!ac*i(*risti(*H of iiavo boon 

tlolorminod. Maximum hannunu; distortion is al>out 2 cent foj* slow cut-od* rale ol the 
niodium and about 6% for sharp-cut-off filtorK. fcJlicors introduce more distoitioii and iion- 
Jiiioarity in modulation. Crosstalk ratios are better than Hiose in P.A.M. for slow cult -off* 
late and improv'oment in crosstalk may be affbeted by sinatilt ancons introduction of h.f. and 
l.f. cut-offs. Output S/N ratios sliow considerable iJireshoJd effeet and art* a]>pr<»xiinate]y 
proportional to the square i't^ot oi' the video ])aiidwidth. 

I. INTKODUCTTON 

The important parameters of a ])ulse are its amplitude, (luratitm, jdiase, 
Iretjiieuey and slope of the leading and trailing edges. Jn 1\A.M.. IMi.M.. P.P.M. 
and P.F.M. systems, the slope is preferably inaintahuMl eonstant at a vtTy high 
value, whereas in Pulse-slope-modidation (Das, 1954), the slope is varied in ac- 
cordance with the modulatiug signal, keeping other jiarameters constant. Tin* 
modulating signal is recovered 1)V differejitiatioii and ‘Box-car (hunodulation 


e(t) 
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of the slopo-moflulated pulses. The frequency spectrum (Das, 1966) of the 
P.S.M. signal is given by Fig. 1(a) & 1(b): 



2.1 "(^ ( I I m sin <!>) 

1\, Z- /, 

n-l ® 


cos 0)11 \ 

t- - 

1 —cos 0}iU 
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, (1 1 w sin (f>) 
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when*, 


tr — iiieuu risetinie 
/// jiiodiilatioii iiidi^x 
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K Hiu (j) ~ iiHxlulatiug voltage. 

The (litfeientiatiMl signal consists of a pulse train coiitaiiiiug both amplitude 
modulatioiL and inverse width modulation, as is seen from 


or 



2.-1'^ (1 \ VI sill (f,) 

7 II 


sin I , —f \ -t sin cotH 1 ... 

L l(ld-msmo) J J 


M-l 




, (l-f msiu0) 


(^ 2 ) 
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Tlw inverse width modulation ia however eaiicelled by I he use of Ihe 'Box-ear* 
demodulator and the audio outj>ut is due only to the am])li1iide modulaliori of tlu' 
difhnentiflted pulses. 

ITsefuluess of a transmission system is determined by tht' effects of non-ideal 
eireuits and limited bandwidth on its various charaeteristies- s])oeially audio 
distortion, crosstalk and noise. These have been diseussod her(‘ for a J\S.M. 
system. Since the slope distortion due to limited bandwidth occurs before the 
'Box-car’ circuit, the effect of both amplitude modulation and invei’se width 
modulation has to be (*ousidered for the ]mrpose of determining liarmonic* dis- 
tortion and crosstalk. We can generally assume that the system is linear and 
passive up to the differentiator and on this basi$, calculate thc^ theoretical har- 
monic distention and crosstalk in the system. J'oi* determining the effect of 
noise, the slope variation only duo to noise pulses {h calculated for different })and- 
widths. 

The experimental set-u]) used for th(‘ determination of various characteristics 
had the following syiecifications (Fig. 2) : 

rsvNCM Pin sc 
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Fig. 2. Experimental set-up— Transmitter and Receiver. 

P.R.F. = lOKc/s. == 1/To 
Pulse duration d — 2 — 15 /i sec. 

Mean risetime =1—5/4 sec. 

Delay between Ch. I and Ch. II = 2—50 fi sec. 

System bandwidth = 1 Mc/s. 
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Audio frequency passbaiid — p to 3.5 Kc7h 
A.F. nu)dulatiii^< frequoru-.y ^ I Kc/fi. 

T\w luodulatiou m as linear for aii audio volume range of 40 db. The total har- 
]nonic distortion in the received audio output was 2.0% with the peak detector 
and 0.8% with the ‘Box-(rar' demodulator for a modulation range of 35 db. The 
inherent crosstalk and noise in the system Avas approximately 05 db below th(‘ 
signal level. 


ir. BISTOKTION 

Harmonic distortion occurs due to lion-idcal differentiators, high frequency 
(^nt-off, low fre(|uencv cut-off and due to the use of sheers for elimination of noise. 
An ideal differentiator gives an output amplitude equal to where is a cons- 
tant-. But \^'ith a simple 1i different iator\ the amplitude of the differon- 
tiate<l pidses is given by 

rw I . - oxp ( -7/t,)| - [ 1 -exp { - }] . lJ(t- Ir) ... (3) 

\vher(‘ (‘{f ir) - Unit stc]) function starting at f — If. and 1l(' of tin* 

differentiator. 

It is thus seen that the output signal does not reach its' peak value irnmediatedy 
and with large Tj, the ])<‘ak value Avill not be reached at all for small v.alueHof/r- 
Due to the assoeiated inveise width modulation, the shar*])er pulses, eorrespoud- 
iiig to the ])eaks of the modulating voltage, will be more attejiuated than tin* 
wider f)ulses and the resulting audio output will have its ])oa-ks flattened. Thc^ 
use of a peak detector then will give rise to pronounced second harmonic distor- 
t ioii. However, w ith a Box-car’ pulse- lengthener circuit, the narrow gate puls(‘ 
is arranged to occur at t < ^^td th(' amplitude of the output, pulses becomes 
j)ro])ortional to (1///). With gate pulses narroAver than tbe differentiated pulses, 
the liarmonic distortion is very small eA cii for large values of Tj, as shown in 
Fig. 3. Th(‘ ex])erimental total <listortion for thc^ peak detector, also shown in 
Fig. 3, agrees snffi(*iently Avitli the theoretical Auilues calculated from Eq. (3). 

A transmission medium wit h 6db/octave high frequency cut-off rate, Simu- 
la! e<l by a simple i2f^-lowpass filter, gives a differentiated output: 





( 4 ) 


Avhere 


Tj differentiation eonstant.; 


BO of the low^ass filtei*. 
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T; JN JU SEC. 



3. Experimontftl total diatortion with K-C difforoii tin tors and 1 ow]>«rb 
d T=r 10/«8oc, it'o 1.8/< HOC, m 0.82, Tnput Ic'Vol - - 
(a) Por ]i -C diffor’ontiator having diftnreiit tj using Pnak (|orf‘r(nr. 

(h) M ,f ♦. ». ‘Box cnr" cncnil . 

(o) Por li-C I.p. filtor leaving diffon^nt using IVak dotocdor. 

(d) ,, „ ,, ,, ,, ,, ‘BoX'C.av' ciri'iiit . 

As ill till* case of Kij, (,‘i), the peak ainplituile naiclHul by the ])ulses of <lifl'ereut 
widths will not be })ro])()rtioual to Tj//r aud witli a peak dideetor, tfuMc^ will be 
considerable sei^ond harnioiiie distortiiui. But with a Box-ear' eirciiit, arranged 
to gate at t ^ distortion is very imieii minimised, as is seen iti Fig. 

With transmission media, having shaii) high fre(|ueney eiit'olT. tlio fuilsc res- 
ponse is oscillatory and consideraldc distortion occurs with a ])eak detector. 
With the ‘Box-car’ demodnlatbr cii'eiiit, tJie gate pulse is arranged to oi^foir before 
the oscillation starts; even then, the amplitude of the output jitilsi^s is not strictly 
proportional to tJU and there is some distortion in the audio output, The experi- 
mental results, as shown in Fig. 4, have been obtained with a varialde (;ut-off 
electronic filter having JKdb/uct. and 36db/o('t. slopes. 

The effect of low frequency cut-off, having sharp as well as slow' rate of cut- 
off, is rather small. Theoretically, the ]>eak amplitude of the differentiated pulses 




250 


J. Das 


orcurs ill / - 0, aiul IIk* andio is distortionless. But with higher (-nt-otf 

iVtMiuciK'v. ttuM't" is cl 1 railiiiin-odjjfo civ^crslniot (Bhattarharyya. 1953) with distorted 



Fip. 4. Evp<»nniontM.l total distortion witli lo^\^)aHS olocl rorjif' filtrT. 
il lO/isor, trn l.HAisor, m - t».82; Tn(»!it l<‘Vol - —%lh, 

(n) With 18f//^/o('t cul-otT using poak dot prior, 

(b) With mdhloci 

(o) With ISrf6/oct „ ‘Box-f •«r‘ circuit. 

(d) With ;hk/6/<)ct 

rnodulatiou ou it. With a ])eak-deteetor, this ojves rise to eortain distortion in 
the audio output, whereas, the ‘Box-ear’ eireuit nullifies the effect of the trail- 
iiig-ed^e niodulatiou and the output lias very little distortion — approximately 
1% only for all })raetical bandwidths. 

A slieing circuit introduces some more non-linearity in modulation and harmo- 
nic distortion in the audio output. From noise (amsideratioiis, the slieing level 
is generally maintained at half the height of the received pulses. Due to slicing, 
the differentiated pulses are time-displaced and even after ‘Box-car’ demodula- 
tion, some amount of distorted pulse-length-modulation occurs. However, 
on further analysis, it is found that the overall distortion due to this P.L.M. is 

m * 

always less than 2%. 
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Iho distortion caused by the Jowpass band-limited system in tlie sliced out- 
put is rathei serious. Imu* pulses with small tr, tlie half level is reached much 
after tr and the corrosixinding slope is less than that attained by tlie iiiisJiced 
distorted pulses. This makes it necessary to lower the slicing level such tliat, 
the slicing time ^ shows the nature of the distortion obtained 

at optimum slicing levels corres])onding to the different values of r., and For 
highpass filters, the sheer circuits do not contribute to any further distortion, 
as has been verified experiment ally. 



Fig. FxjJonnKXilal total distortion with .sliced iiijiuts using ‘Box-chi' circuit lor Iovvjihhs 
filtoj’s having difiVueiit and 

d = ti'u ^ Input level for m - 0.82. 

(a) With K -0 i.j>. liltt'r (0d6/oct); r* - th.^^Ht'c; 0.5/^,. 

(b) With ,, ,, ,, „ — l/tstM-; -- 0.3GAo. 

(c) With ,, ,, „ 4, r2 - 3/i8oc; — O.loAo. 

(d) With electronic I.]>. tilt or, ./i- 200 Kc/m; 

ISdOjovt Hlojie; — 0.0/<,>. 

((>) With eUnO rouic l.p. filter; /,. — 200 Kc/.s; 

3tk/6/oct slop(‘; hg 0.0/<o 

111 . CKOSSTAL K 

Due to limited bandwidth, amplitude and phase distortion occur to the 
iransmitted pulses and there is uonnally a < arrv-over of imergy from one ]mjs(‘ 
to the following pul.ses. The crosstalk thus developed, may he caused either by 
high fre<pi(‘ney cut*off or by low frequency eiit-off. P^jr high freijuency eut-olt 
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vviih tt (ll»/()ct. Hlopu. siiiiulated by an R -C lowpass filter, the i)eak-to-peak 
^arrv-ovor voltage is foiuxd to l>c 

( '„(/) exp ( ^ ) [( I 1 «'){ <--M' (^^'‘) - j} 

- l}] ... (6) 

//,, moan Jitiiglit of tlio diilereiilialod pulses. 

7., - H(^ of the lo\\]mss filter. 

1'Ijo orosstalk ralio is thou givoji by 


, 2/// . (^xp (//rj . M - i X}i 


(\r. ratio 


[{I I »o( 


<‘X|) / ^'min 


I I (1 w.)| oxp ^ 1 


SiiK'o for iligh lr(‘(jUOU(!y out -off, dooroasos ra})idly with iijue, it is only Jieoe^s- 
sary to o-oiisidor th(* oarry-over voltage from the (‘hannel pulse previous to the 
signal ]nds(‘. 1dio nunierioal evaluation of K(i.(5) shows that is of opposite 
phas(? to that of tlie signal voltag<‘. The ex])eriinental values of erosstalk ratios, 
witli (I -- Id /( see, - 1,<S2 // see and m ' d.82, are shown in Fig. 0 for various 
values of and the (‘hauiiel sefiaratiou Thest^ results agree eloselv v\ith values 
obtaiiuvl from Kq.(t)). 

For iov^ frecpienoy cut-off with bdb/oet. slo])e, the erosstalk ratio for the 
carry-over voltag(‘ fi’om the singU' [)revi<uis chaniujl (T;i small) is given by : 


O.T. ratio 

wliere Tjj -~ 


2 m . (^xp 


(I -I V//) 


I I exp^ — (1— -y//,) I 1 “ exj» "j 


R(' of the highpass filttu*. 


The carry-over vltage in this ease is found to be of the same phase as that of the 
signal voltagt‘. The experimental results with small values of are also shown 
in Fig. (i and they agree sufficiently with the results of Eq. (7). 


As tlie eoujding and deeouplnig eireiiits of pulse amplifiers are generally 
matle large, the earry-over voltages from other previous channels have also to 
be eonsidei’ed to determine ilie net enisstalk ratio. With certain simplifying 
assumptions, it is found that the erosstalk ratio now is given by 


V.T. ratio = - - , 



Transmission Characteristics of Pulse- Utope- Modulated, etc. 263 

wliere = modulatiug angular freqneu( \' 1/T„; and 7’,, This 

result is similar to that obtained in ease of P.A.M. (Flood, l!)r»l). Tlie < urrv- 
ovev voltage now is of opposite phase to that of the signal voltage. 



Kig, G. Exporiiuoutal crosstalk ratios with li-O lilters for MinouH t-, t.-; uiul cliuiinol 
soi^aratiuii fit. 

(/ = 10 fiH, tro — 1.8 A*8, m -- 0.82, Input level —'Mb. 

(a) For K-0 l.p. filter (tj) (0(/6/oct), — 5 /i sec. 

(b) ,, ,, ft tf f At — 10 P sec. 

(c) „ „ „ „ f At ft sec. 

(d) For K--C li.p. filter (ra) {Odbjuiii ), A.t ~ 0 p- sec. 

(e) „ „ „ „ , = 10 sec. 

(f) „ „ „ „ , At - 15 P 80C. 

Since with reference to the phase of the signal voltage, the carry-over voltage* 
clue to h.f. cut-off is of oppoHite phase and tliat due to l.f. cui-olf witli small 
6 
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values of Ta is (»f same phase, it is possible to minimise crosstalk by using 
simultaneous h.f. and l.f. cut-offs. The crosstalk ratio is now found to be 

C.T. ratio 
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-;){ 

1 exp ( ) 1 - exp ( — 


1 expl*^")}] 

(l-/a) 

hl'(‘ rj{‘ 

— ex}) 


-expi 

(») 


The (!.'r. ratio will l»e maximum for ce.rtain relative values of and It is 
also |»o,ssiblc to forecast the relative values of matching and t, for a certain 
channel separation \t, as is given by 

Where, A = i."') [ e.xp ^ 'V-) -1 ' 

« - "'=p(V) -'] 

(< .. (M w*)j^l ex]. 

l^xporiincutal r(‘sults with siniiiltaiieous h.f. and 1.1*. cut-offH are ishowji hi Fig. 7 
and they agree closely with the results of Eq.(9) and of Ecj. (Id). 

'Phe ]mlse response with sharj) cut-off filters is oscillatory (fTuilleinin, 1935) 
and the })eak-to-i)eak carry-over voltage, for uniform transmission ujdo o)^, is 
given by 

('„(<) - [2m . ,SV(Wf<') (i -1 ni) . ,S7 

... ( 11 ) 

« liere, t’ .■= t - f^ - (M i 

— trfw -= phase shift witliiu the pass band ; 


/</ 'Srn’/we 



Transmission Characteristics of Pulse-Slope^ Modulated, etc. 255 

The crosstalk ratio is now |4wi^j/e. 'olOl- oscillatory nature <if the C.T. 
ratio is shown in the ejcj»criinental results of Fig. obtained with an eU^etronie 
filter. 

In case of highpass sharp (Mit-off filters, the crosstalk ratio is given by 

PT ration - - 

... ( 12 ) 



Kig. 7. Experimental crosstalk ratios dno to combined H.F. and L.F. cut-off. 

Ta = R-C of I.IJ. filter ; Tii — R-C of h.i>. tiltor ; d - 10 /*S, m = 0.82. 

(a) At = i /‘S; T, - IftS (d) A« - 10 /*«; - 6 

(li) A« = C /*S; rs - 2/<S («) A' = 1« I*®: r2 ■= 3 /*S 

(c) a1 = 1«1‘8: T 2 - 3/*S (f) Al = lfi/*t^: ^ » eH 

Here the oHcillations st^irt only after the cut-off frequenc.N’ hcconitw comparable 

with the pulse repetition frequency. Since the carry-over voltage due to both 
highpass and lowpass filters are oscillatory, it is possible to minimise (irtisstalk 
by simultaneops use of h.f. and l.f. cut-offs. In Fig. S. ..ortain minima on the 
C.T. ratio-curve could be improved to the points X/, X*', ... etc. by the use of 
liighpass filters having suitable cut-off frequencies. The values of the cut-off 
frequencies fc, for the highpass filters are indicated on the same figure. 
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Fij?. S. KxjKM'iinontnl crosstalk rat ios rlno to oloetronic lo'wi>a88 fil tor having 18(^/>/oct . slop^. 

d - lOgS; m — 0.82: /.j - ' cut-off froquoncy of I.p. filter. 

fen -- cut-off frequonoy of h.p. filter. 

A""i - Improved O.T. ratio with simultaneous use of I.p. and h.p. fillers, 
f(-., “ 1.6 Kc/a. 

X'n •=• Improved C.T. ratio with simultaneous use of l.j). and h.p. filters, 
fe, - 2 Kc/s. 

When t he .sheer (ureuit in used, t he slo})eHe(#n1ain whai(*ver carry-over volt ages 
already present and the only differenee is in the time of differentiation. T)ue to 
slicing, the differejxtiatcd pulses correspond to the slopes at a time later than 
/ - 0, ))nt the effective crosstalk ratios are not affected. 

IV. NOI8E 

In (^ase of raiulom noise, the effective noise modulation with shai'p cut-off 
media has been shown to be (Das, 1056) 

0.1148 /,xiVr(peak) ... (13) 

where. A tan Oy ^ (tan tan ^-^(^^w)) 

Nij^ak) ~ amplitude of noise pulses 


fc — cut-oflf frequency. 
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Ihe total audio noise power accepted by the a.f. aniplitier is tlieu proportional 
to 


r 


(A tan 

fc 


Tofc 

tro^ -i-P) .y ' 

'iv \ nV ^ H- ■ 



(14) 


Numerical evaluation of Eq.(]4). with ir„ ^ \ (i sec, tl - 10 // sec, m --- 0.!),/c — 1 

Mc/s and /’a — audio passhand 0 to :i.r) Kc/s, shows that 

\ 

R.M.S. audio signal .. ! mA / f. 

Kffeetive audio noises (l.dU7’J ^ 0.(W>()(Ataii^y,|^ \F«/ 

... (15) 


- lO.h 


A 

^ {peak) 


n^his gives an output signal -to-nois<‘ ratio in db e(|ual to| 20.74 |-2() Jog 

t 


1 

^ {peak) 


For the extreme value of 




{peak) 


equal to 2, the output signal -to-uoisi' ratio is 


26. 74 db. After this tlxn^shold point, th<* iniproveinent in the output ratio in 
db is constant, but approximately varies as { fc/Fa)^. The theoretical and experi- 
mental results agree favourably as is shown in Fig. 9. The results of tlie 
impulse-noise tests show a further improvement in the output N/iV ratios. 


With transmission media having slower rate of cut-off, the (equivalent band- 
width (CheriT, 1949) is deterndned and the abov(' method is used for eahudatiug 
th(‘ output S/N ratio. For simple M~(' lowi)ass tilters, the equivalejit cut-off 
frcqueriey/^ is l/4r, and the mininuim risetime is 2 t. To obtain a baiulwidth of 
IMe/s, the time constant r has to be 0.25 // sec only. 


V. DI8CU8SION 

Distortion in the F.S.M system lias been very much minimized by using 
Box-car' pulse-lengthener circuit. The average distortion does not excjeed 2% for 
media with 6 db/oct, cut-off rate. Butfor sharp cut-off media, the distortion is up- 
to 5% with larger modulation index. Distortion due to I.f. eut-off is less for all 
cases. Linearity of modulation and ilistortion characteristics are poorer when the 
sheer circuit is used. For higher level of modulation, the percentage distortion 
exceeds 5% at optimum slicing levels. But in Cftsc of P.L.M., Kretzmer (1947) 
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lisis shown (liat (‘veii witli large video haudwitiths and ideal filters and amplifiers, 
fh<‘ audio (listortifiu is of the order of 4%. livvy (1949) has rejjorted a P. P.M. 
Kysti'in, wher(> the overall distortion in atidio eharacteristics was of the order 
of 5*',;,. With bandwidth reBtrioti(»u, the distortion inereases in P.L.M. and with 
Tj '2 n see, the l<»tal distortion is found to he approximately 8% for similar 
ajul fro(|ueiicv. 



Fig. lnij»rovements in signal -to-noise ratio with aliarp cut-ofi' filtors nsing slictTs. 
d - 10 gS, Ya -- 3.5 K< /s, P.K.F. = 10 Kt /s. 

(a) Thoorotical S/N ratio with random noigo. -- 1 Mt* g, t-- 1 /t hoc. 

(b) Exjrnrimental ,, „ „ „ ,, „ 

(o) „ 0.5 Mo/g; =- 1.82 /*S. 

(d) „ „ „ „ without Blio©r,/f = 1 Mo/b. 

(o) Ex)>oriiiiontal *S/>4 ratio with inipulHo noigo, /r — 1 Mc/s; = 1 /i8, 
impulse widtli = IMS;, P.R.F. of iinpulseg 500 o/s, 

(f) Kxporimontal S/N ratio with impulfse noige^, =: ] Mo/g; iro ^ ImS, 
iinpulgo width ImS; P.B.F., of impulses 5 Ko/s. 
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The other mivaataKe of the P.S.M. sysU>m is in its heit.M’ . rosstalk clmiae- 
toristicis. For a P.A.M. system with same pulse duration, the crosstalk ratio 

with Jt O lowpass filters is j^iveu as J s.tiWix ^ ^1). In ease of P.L.M. anti 

l.P.M. (I)eloraiue, 1944) there is an ap^iroximate improvement faetoi ttf 

Where is the time displaeemeiit due to modulation. Kiotn hI)ov(‘, the improve- 
meutin P.S.M. crosstalk ratios are 10 to 17 (& over those of P.A.M. tind with a 
similar I‘.T.M. system, the crosstalk ratios would be at least tupjal. 

In case of R O highpass filters. Flood (1951) has sht.wti that, the cros.stalk 

ratio in P.A.M. is ^ j for large and small o,,,. (!om])aring uith Ftp (8). 

the improvement in the P.S.M. (crosstalk ratiti with refeicnce to P.A.M. is given 

bv 


O.T. ratio in P.S.M. 


(bT. ratio in P.A.M. ' |(l -(l-|-«t)fr„„„| 


44.:i ,ih. 


... (Hi) 


for (I - 2/4 sec; -- It*// sec: lr„,„.r - I //sec; ni ■ 0.82. 

Fven with the improvements obtained in P.l’.M. and P.L.M. (Flood. 1952) the 
P.S.jVI. crosstalk ratios would be better. 

In Kig. 9, it is seen that above !()///> input ^S'/iV ratio, tli(‘ experiniejital valui's 
are only 1.4 dh below' the tlieoretieal values and there is an a])])arejit threshold 
]K)int at 7 db input aV/A' ratio for I Mc/s bandwidth. In a system with 

sain(‘ maximum pulse duration ajid bandwidth, the improvemejit (Das, Jiloo) 
in the output S^N ratio is approximately db over the input tSjN ratio, wluMeas 
in P.S.M., the ijuprovemejit is ojily about 2\ db. How(^ver, the P.S.M.Jioise cha- 
Jiuderisties arc^ definitely superior to thos(‘ of P.A.M. ajid F.M. systiuns. 

As an example of th(‘ overall performance of P.S.M., with filt/er-lik<‘ tiajis- 
mission media, it is seen from Fig. S, that the crosstalk ratio could he iinj)rovc(l 
to about HO db with “ lOttKc/s and /pj, - 2 Kc/s, ajid the corrc*s])on(ling dis- 
tortioji from Fig. 4 is only 1 J 1% for the highpass filter to he used in t(^ndem. 
The improvement in the output AS'/iV ratio is now only iiyfy db. If, then, the input 
S/N' ratio is about 25 db, the total Jioise plus distortion in th(‘ output of llie 
system will be about 3% only. This is a eousideiabh* advantag(‘ of ilu* P.S.M, 
system. 

Fourier expansion of the trapezoidal pulses shows that the useful luodulatcd 
harnionic amplitudes vary as l/a-, whereas for rectangular pulses th<^ harmonic 
amplitudes vary as i/n, n being the order of the harmonic of the p.r.f. The 
P.S.M. signal which consists of traj)ezoidal imlses will then recjuire a lesser nominal 
bandwidth for tiansmissioii. As the noise characderistics of i*.S.M. are slightly 
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inferior I>u1 the erosstalk and dwtortion (diaraeteriwticti are geuerally superior 
to those of P.T.M. systems for smaller bandwidths, P.8.M. will be more useful 
in low^noise bandwidth- limite<l vsystenis Jikc partially compensated cables and 
lines, electronic cxtthauges and others. If the noise level is low, the slicing level 
will be low and l)ier<‘ will b(' very little audio disiortion in the output. 

A ( K N ( > L K I) G M K N T 

The author records his thanks to Prof. H. Uakshit. l).8c., F.N.F., for, his 
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SPACE GROUPS OF CRYSTALS OF a-,//-AND 
y-PICOLINE AT -180 C 
a. G. BiswAa 

Optics DwpAHmENt, 

Indian Association poit thk ('Itt.tivation Ok »S(1Kn<i:, (Jaia un \.;tj 
(Hcvrivfd, March 1^8, 1901) 

l%te HI 

ABSTRACT, riie dimonsioiis ol tiio miil ('oll. u{ molocuios iiiiil coll uiul 

Uio s|Mif 0 groups of cryKtals ol a-, /i* a-ud y-pu-oliiu. at. jsirt’ have Ihmm. dotoriimKHl by 
sUulyiiig tho Dobyo-ScKormr piUtoms of tbo iTystalK. All (ho cryslals miv found lo have 
l.IiH rnonoolinic Jatlu'c. Plvo Kpaco pjrou]» hhsi^iuhI t(» tlu‘ rr-picnluu* rrystul is l**Tn WJlii 

o 9.97, h z 1(1.91, (• - I0.90A. A’ ill ;>4\ llial of /l.|di‘olino is Pl?i/ni nsiIIi a (>.90, 

h 11.87, c ~z 7,05 A, A - 94°I2' iiud that of tho y-piooliiu' cryslul is I*l*i/(' willi n 7.lM, 

h 7.09, c - 10.20 A, A - ll(f*42'. 

IK TR01>U(JT1()N 

111 colitimiation of tlie previous work oil tho analysis ol‘ llu' l)el)ve-Soherroi' 
jiatteriis of crystals of lolueiK^ (Biswas and Sirkar, 1957), pyridine (l^iswas. I95S), 
c.hlonjbonzeiie and broinolKmeuo (Biswas. 195S). I, 3. 5-1riolilorobeuyA‘ne (Biswas, 

1957) and ortho-, nuda- and paraxylene (Biswas, 1990), the* present investi|j;ation 
was nndei'taken to study the I)ebye-8elierrer patierus of a-, //• and 7 -pi(*(>line 
at lS()'^(' and to find out the dimensions of th(’ imil (M'M, number iirid inoleenlcs 
per unit cell and th(^ spaee group to which the ttrystals belong. 

K X F E K r M K K T A L 

Tlie l)obye-8eherrer }>attonis of crystals t)f a-, //- and y-pie.oline at - ISO <’ 
were photographed with a low temperature camera usimI previously (Biswas, 

1958) . The radius of the eauiera Mas derived from the f)ebye-Seh(wrei’ ]>attern 
of A1 powder and it was found to be 4.50 cm. A Seifert X-ray tube ruiuiing 
at 32 KV and 26 in A was used to photograjih the patterns. An exposnn’i of three* 
and half hours using Cu Ka radiation u as Huffi(*ient to record tin* patterns with 
appropriate density. 


RES U T S AND I) 1 S ( HI S S I O N 

In determining the dimensions of the unit cells of the crystals of these isomers 
Ito s method (Ito, 1950) was applied and all the erystals were found to belong to 
the monocjlinie system. The crystals could not be assigne/l fo any lattic(‘ of 

2H1 
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symmetry higher than that of the moiioclinic system. Lipson’s method (Lipsoii, 
1949) was also tried, but significant constant differences in the values of sin‘^^> 
were not observed. 

a-Picoline : The Debyc-Scherrer pattern due to crystals of a-picoiine at 
is reproduced in Fig, 1, Plate 111. The values of Q where d^ki is 

the spacing of the direct lattice calculated from the Debye-Scherrer rings are 
tabulaUnl in column 1 , Table I. The dimensions of the unit cell of the reciprocal 
lattice wliicli are found to explain all the observed y-values satisfactorily are : 

M* - 0.091b a* == 59^42' 

/>* -- 0.0988 /]* ^ 90“ 

r* 0.1161 y* = 90^ 

The values of Q observed from the photograph and those calculated with 
tJic diiiK^nsioiis of the unit cell given above, the intensities and the })r()posed indices 
f(U‘ the reciprocal hitti(^c arc also given in Table 1. The dimensions of the unit 
cell ot the direct lattice corresponding to the reciprocal lattice arc : 

a - 9.97 A 

h -- 10.92 A /i = 120T8' 

r 11.70 A 

The above (^ell was reduced further (Buerger. 1958) and the dimensions of the 
rediK'cd (tell ar‘e : 


u 9.97 A 

h 10.92 A /; - iirr>4' 

r 10.90 A 

The indices I’cterred to this J’edueed direct lattice are given in the last column 
of Tal)lc 1. 

On examining tint powder pattern, it was noticed that there was some indi- 
cation ot the preferential orientation of the crystallites with a parti(;ular axis 
ori(uitated around the vertical axis of the specimen. The primitive translation 
along the preferred axis is found to be about 10.94 A. This value agrees with 
the length either of the 6-edge or of the c-edge of the redu(;ed unit cell. The posi- 
tions of the diffraction maxima on the different layer lines, how’^ever, indicate 
that the ])refered axis is the 6-axi8. The layer linos in which the different maxima 
due to reflei^tions from planes of different indices are actually present are given 
in Table II. The positions of the maxima m the different layer lines thu« con- 
firm the correctness of the indices assigned to the corresponding reflecting planes. 

To determine the number of molecules per unit cell the density of the subs- 
tance at w as determined by the method described earlier (Bisvas and 
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TABLE T 


Indexing of tlie powder pattern of a-picoline crystals 


Q 

(observed) 

Q 

- (calmhtted) 

h'kT 

(reciprocal 

lattifo) 

hkl 

(reduced direct 
lattice) 

0.0293 (m) 

0.0293 

021 

101 

0.0335 (m) 

0.0336 

200 

020 

0.0345 (m) 

0.0.348 

on 

201 

0.0378 (w) 

0.0.377 

121 

111 

0.0388 (w) 

0.0390 

020 

200 

0.0420 (m) 

0.0416 

m 

102 

0.0435 (ft) 

0.0434 

210 

120 


0.0433 

111 

211 

0.0475 (m) 

0.047S 

120 

002 


0.0471 

L%1 

210 




121 

0.0642 (fl) 

0.0540 

002 

202 

0.0666 (m) 

0.0665 

(«I 

201 

0.0080 (s) 

0.0685 

211 

221 

0.0765 (8) 

0.0759 

021 

030 


0.0756 

300 

301 

0.0808 (w) 

0.0802 

222 

022 


0.0806 

132 

112 

0.0880 (rn) 

(».0876 

202 

031 



030 

300 




222 

0.0966 (m) 

0.0962 

130 

.310 


(».0954 

112 


0.1046 (w) 

0.1048 

113 

131 

0.1162 (w) 

0.11 62 

312 

132 

0.1172 (w) 

0.1172 

042 

202 




222 

0.1251 (wl 

0 . 1 247 

122 

123 

0.1350 (vw) 

0.1344 

4<K> 

040 




401 

0.1390 (vw) 

0.1391 

043 

103 


0.1.394 

022 

402 

0.1628 (w) 

0.1633 

330 

330 


0.1622 

024 

410 

0.1732 (m) 

0.1634 

420 

240 


0.1730 

222 

123 

0.1890 (w) 

0.1886 

240 

420 


0.1884 

402 

004 

0.2086 (w) 

0.2090 

312 

702 




502' 

0.2302 (w) 

0.2301 

023 

430 

0.2651 (m) 

0.2659 

403 

205 

0.3026 (w) 

0.3024 

600 

060 

0.3230 (w) 

0.3226 

151 

161 



^ Bitwaa 

TABLE n 


Layer line IndioeB for th» 

maxima |»«8eixt 



JSor6 layer line , ft '19l 


002 

202 



layvirUiia a 211 

210 
012 

' 020 

{Second layer 1 i ne 120 

isf 

221 

Sirkar, 1967) and was found to be 1.134 gm cm With this vame ot tne'i^llHilty 
and the dimensions the unit cell given above the number of molecules |Ma|‘ toit 
cell was found to be 8.08. Thus the unit cell contains eight molecules. ^ 

It can be easily seen from Table I that there is no restriction regarding roflac- 
tion from different xilanes. There is, howwer, no space group with eight equi- 
valent points not showing any restriction of reflection. The space group 
does not show any restriction but it has only four equivalent positions 
With lan asymmetric molecule at each position. It ^ evident, thertf ore, that 
there ^ two molecules forming an asymmetris aft each equivalent position 
in tlie eiyst^ a-picoluie end ^e fi^^dbe igirdup jb 

fi-PieoUne : Tim du# to df^tals of /^-picoline at 

- 180®0 is reproduced in JKg. 2, Plate III. The vali&!( of Q observed from 
the photograph are gl)f^ Ih^^eolumn 1, Table III. ^ 

In this case the dimensions of the unit cell of the reciproeal lat|^||wi ivhioh could 
explain all the Rvalues satisfactorily are : 

a* = 90^ 

^ 7*5^=86^48' 

The dimensions unit cell of the direct lattice with 6-ajdi'as Ae 

axis the reciprocal lattice are: 

", 4^ Jl''' 

c » i 
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PLATE 111 



Ocbyc-Schcrroi patterns 

big, I. a-pieolineal - I8()(' 
big. 2. //-picolinc at - 180 (’ 
I'lg. 3. y-picolinc at - I80C 
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It can be ea^ seen that the above cell cannot be mduced further. So the 
tiiihensious of lh^ „tinit cell of the /^.picoline crystal are as given above. The 

indices of the referred to the direct lattice are given in the last column* 

of Table III. " , 


TABLE IDT 


Indexing of powder pattern # /?-picoline crystals 


Q 

Q 

1 h'kT 

hkl 

(observed) 

( calculated) 

(i^iprocai 

(final direct 



lattice) 

lattice) 

0.0380 (w) 

0.0380 

^ 1 K) 

101 

0.0440 (w) 

0.0440 

!? no 

101 

0.0460 (w) 

0.0449 

i 

in . 
a 112 

ni 

0.0495 (m) 

0.0493 

120 

’ 0.0610 (VR) 

0.0609 

111 

0.0660 (vw) 

0.0666 

12f 

0.0724 (m) 

0.0726 

L21 

0.0810 (vh) 

0,0808 

" 200 

002 

0.0830 (vs) 

(L0832 

’ 020 

200 

0.1020 (s) 

0.1018 

113 

i3r 

0.1140 {«) 

0.1140 

004 

040 

0.1338 (tn) 

0.1342 

104 

041 

0.1696 (w) 

0.1592 

213 

132 

0.1705 (w) 

0.1710 

213 

182 

0.1815 (vw) 

0.1818 

300 

003 

0.1876 (vw) 

0.1872 

030 

300 

0.2060 (w) 

0.2066 

131 

Sir 

0.2186 (m) 

0.2187 

131 

311 

0.2516 (w) 

0.2612 

033 

330 

0 . 2666 (vw) 

0.2660 

006 

060 

0.2900 (m) 

0.2900 

224 

242 

0.3016 (w) 

0.3012 

034 

340 


The density of the substance at — 180°C was found to be 1.098 gni (jn!"*. 
The number of molecules per unit cell calculated witfi this density is found to 
be 4.01. Thus the unit cell contains 4 molecules. It can be easily seen from 
Table III that the conditions limiting possible reflections are : 
hid : no oonditioii 
hoi : no condition 
oko : k ^ 2n 

So, the probable space group which can be assigned to the crystal is 
C\h-P2,I^. 

y-’PicoUne : The Debye-Scherrer pattern due to crystals of y.picoline at 
-~180°C is reproduced in Fig. 3, Plate III. The Q- values observed from the 
photograph are given in column 1, Table IV. 

The dimensions of the unit cell of the reciprocal lattice which could account 
for all the Q-values observed in this case are : 

a* === 0.1049 a» 90^ 

h* ^ 0.1300 = 69^8' 

-= 0.1488 r* ^ 90 ® 
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26 fi 

Till' (limensionw of the unit cell of the direct lattice corresponding to those 
of the reciprocal lattice after u and c axes being interchanged are : 

« 7.21 A 

<1- 7.69 A 110°42' 

(! - 10.20 A 

It can be easily seen that the above cell cannot be reduced further. 
So. the dimensions of the unit cell of the y-picoline crystal are as given above. 
The indice.s referred to this direct lattice are given in the last colunm of 
Table IV. 


TABIvE IV 


Judoxiii^^ o 

r the* ])(>\vflor 

pattern of y-pic 

oline crystals 

Q 

Q 

fi'k/r 

hU 

( obBi^ivod) 

(vakulated) 

(reciprocal 

(final direct 



lattice) 

lattice) 

0.0450 (vh) 

O.044S 

200 

003 



201 

102 

0,0078 (vs) 

0.0676 

020 

020 

(1.0880 (p) 

0.0880 

002 

200 

O.0H88 (m) 

0,0888 

202 

202 



201 

103 

0.1124 (m) 

0.1124 

220 

023 



221 

122 

0.1 37« (\m) 

O.J38I 

U2 

211 

0.1660 (h) 

0.1566 

022 

220 


0 . 1 564 

22 J 

122 



321“ 

123 



22*2 

22:? 

(1. 1708 (w) 

0 . 1 768 

202 

202 



203 

:t03 

0 1702 (vh) 

0.1792 

400 

004 



402 

204 

0.2230 (m) 

0.2234 

321 

123 

0.2456 (w) 

0.2452 

222 

222 



4011 

104 



403 

304 

0.2466 (8) 

0,2468 

420 

024 

0.2702 (m) 

0.2704 

040 

040 

0.2922 (w) 

0.2924 

041 

140 



Uf 

141 

0.3142 (8) 

0.3146 

141 

141 

0.3588 (vw) 

0.3590 

602 

206 


0.3684 

042 

420 

0.3802 (vw) 

0.3806 

523 

326 

0.4500 (m) 

0.4496 

440 

044 

0.4705 (vw) 

0.4708 

620 

026 

0.4916 (w) 

0.4912 

604 

406 

0 . 5432 (w) 

0.6437 

152 

261 

0.6080 (w) 

0.6084 

060 

060 

0.6228 (vw) 

0.6222 

044 

440 


0.6234 

602 

206 

0.7120 (m) 

0.7120 

523 

325 

0.7246 (in) 

0.7241 

4)4 

414 
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The (leusity of the substance at was found to be J.163}rm 

cm . The number of molecules per unit cell calculated with this density is found 
to be 4.03. Thus the unit cell contains four molecules. 

Table IV shows that the reflections from the planes (010), (030) and (050) 
are absent because the Q values for these planes aie 0.0109, 0.1521 and 0.4225 
respectively and these do not agret^ with ai\v of tlu' observed values. Hence 
it is concluded that (oko) reflection are absent when k is odd. 

The calculated values of ^^\ih / odd together with those obseined in 
the neighbourhood of some oi’ these values are given in Table V. 


T’ABLE V 




Xcai'^Bi value 


Qhol 

< V)mpiitml 

oOnervod 

DitToroncf' 

VioT 

0.0222 



Vioi 

(K0442 

0.0450 (002) 

, O.OiMlS 


0.0772 



Qm 

0.0808 

O.OH88 (202) 

-0.00)0 

Q2()\ 

h . 1 2 1 2 



Q>203 

0.1228 



C^IO.S 

0, 1558 

0. 1.500 

0.0002 

(^301 

0.1702 

0. 1708 

0.0000 

V30] 

0.2422 




0.2548 




The difference between and and that betwtMni and y.joo 

beyond experimental (*rror which is less than 0.0005. Hence (lOl) and (103) 
reflections are most probably absent. Reflections from the (103) planes may. 
how'ever, be sujierposed on that from (220) and the (301) reflection may li<' very 
close to (202) reflection, but since the other (/tof) reflections with I odd arc deti- 
nitely absent it is concluded that all such reflections ar(‘ absi^nt. 

Table IV^ then shows the following cfiiiditions limiting possible r(dl(‘(‘tions : 
hk/ : no condition 
h>ol : / - 2 m 

oko : k - 2w 

8o, the probable sjiaco group of the crystal is ('^ 2 h ' 

Finally, it has to be pointed out that in all the cases mentioned above assign- 
ment of alternative unit cell dimensions leads to serious difficulties, because either 
some of the intense reflections cannot be accounted for or the number of mole- 
indes per unit cell differs considerably from whole numbers. On the other hand, 
with coll dimensions given above these difficulties disappear completely. 
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BOOK REVIEWS 

ORGANTO ELECTRONIC SPECTRAL DATA. Vo]. [, Ry Mtutimor 

J. Kamlet, Editor. Pp. 1208. Tuterscieiice Piil)]ish(Ts, Now York, London, 

1960. Price $ 28.50. Vo]. IT. l95:^.5r>-^By Herbert. E. Uugiuide. Editor! 

Pp. 919. Tntersciejiee Publishers. New York, Loudon, I960. PnVe $ 17.50. 

These tw'o volumes give the wavelengths of absorption maxima, and the values 
oflogfc) in t.lie ultraviohd. and visibl(‘ regions for organic com])omids reporletl by 
v<arious w'orkei's during the years 1946-52 and 1052-55 n\sj)eef ir(‘ly. It, is stated 
in the ])refa.ee that the dat a \vei*(' Ukvn from tiO ohemi(‘a1 and a]1i(‘(l journals. Tlie 
data are given in four columns, the first of which contains tlu^ cliemical formula 
a.nd th(^ name of th(‘ eompound. The solvent or the state in wiiicli the s])(Ttra 
have been studied is given in column 2 and the wavelengths of absorption maxima 
and th(^ values of log(€) at. the maxima are given in column 2. Tin* last column 
gi\ es th(^ reference' in whi(di the journal is reiwesented by a. number ajid 1h(' pajuu’ 
by another number. Tin' details of tin* corres])onding ndercmcc's a, re givi'U at. 
the (uid of each volunnu Tin* r('ten*nees mv arrangcMl according to the a1[)ha- 
betical onh'r of the names of the journals. 

Sinh data arc immensely helpful not only to chemists engag(‘d in rt'si'arch 
in synthesis or analysis of organic clu'inicals ))ut also to many physicists wlu) 
a.re interested in the electronh* spectra of such con 9 )oujids. To r(‘S(‘arch vvorkcTs 
the value of the data d(‘p(uid on tin* degn^^ of llieir com])let(‘jn'Ss. The Roarrl 
of Editors seemred contributions from 51 specialists from diffmait (‘ount-rit's, 
and therefore', it. has been ])ossibh* to <*ompil(' the data, from a large* numb<*r 
journals in diffen'iit languages whicdi are ordinarily not. available* to many researeh 
Avorkers. As staled ab()v<‘. 60 journals in Cln'jnistry and allied subjects have Ixk'U 
(onsidted to compile the data, and evidently, journals in physics have* been 
scrupulously avoided. It is difficult to understand why tin* Roa.rd of Editors 
assumed that data o)i eleetroui(* spectra of organic comiKjunds cannot lx* published 
in journals in ]>hysics. In faet, such an a.ssum])tion oidy results in omission of 
certain data whi(*h inight l)e useful to research workers. As ioj* instaiu'c*. it miglil 
be }x)inted out that during the y( ars 1949-1955 a f(*w’ pa]x*rs d(‘aliug w itli iiltra.- 
violet absorption spectra of some organic eompounds weie j)ublished in this 
journal and some of these papers have been mentioiu'd by WoH iji Solid Stale 
Physios, Vol. 9, but these data have not hi^on tak(‘u notice^ of in the volumes muh'r 
review. 

Nevertheless, the publication of the voluim's will enable a larg<‘ number of 
research workers all over the world to save then' valuable t inn* iti procuring the 
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(lata atwl will thus hasten the progress of research in chemistry and. son)e%ranchi6e 
(>r physics. It is stated in the Litmdttetimi of Vol. Tl that the next three 1(plumes 
are in preparation. It is fervently hoped that the above remarks re||arding 
omission of certain data will be taken notice of by the Board pjf ^Jbre 

the next three volumes are published. 

The get -up of the volumes is excellent and in view of ttie fact that the co- 
operation of a large number of specialists has been rilqnired to publish the 
volumes the prices are considered to be cpiite moderate. 

s. c. s. 
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THERMODYNAMIC PROPERTIES OF FLUID FLOW 
ACROSS A MAGNETIC FIELD 
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AND 

K. P. CHOPRA* 

Enqineebinu Centbe, Univeusity of Sodtkeen California, Los An (3Ei.es, 

Oalxfoknia 

(Received August 3J, 1900) 

ABSTRACT. This papor doals with tho study of tho various thoriiiodynamic <|uaiif itios 
like internal energy, enthaljiy, entropy, ot(j., involved in th(» investigation of the flow of a 
oonducting fluid in the presence of a uniform transverse magnetic, field. Tho analogues of 
Rayleigh and Fanno lines readily follow from tho basic equations. It is shown that tho 
internal energy and enthalpy of an electrically conducting fluid obeying perfect gas depends, 
in tho presence of a transverse magnetic field, on its density and the strength of the magnetic 
field. The entropy and tho specific heat at constant volume do not HO('m to bo ufFoctod by 
tho presence of tho magnetic field. The behaviour of the specific heat^ at constant pressure 
depends on which of tho gas pressure and the total pressure is kept constant . A transverse 
maguotic field rtniuces the specific heat at constant gas pressure and the corresponding 
adiabatic? constant by a factor proportional to tho ratio of tho magnetic pressure to the? gas 
pressure. However, if tho total pressure is kept constant, tho magmflic. field has no effect- 
on the specific hoat. Lastly, tho effect of tho magnetic field on the velocity of sound is dis- 
cussed. Ill t he limiting cases of weak and strong magnetic fields, the velocity of sound reduces 
to the ordinary sonic speed and tho AIfv6n speed resix^ctively. 

I. INTRODUCTION 

Tho hydroflynamical motion of an oloctrically coiKluctiiig fluid in tho pre- 
sence of a transverse magnetic field gives rise to induced electric? ciurrents whi(?h 
interact with the magnetic field to produce mcehanicaJ forces thereby affecting 
tho fluid flow. Therefore, it is noeessary to take acutount of this hydromagnetic? 
inloraction, and hence, the terms involving magnetic field appear in the equations 
governing the fluid flow (Alfv6ii, 1950; and Hoffmann and Toller, 1950). The 
investigation of the compressible fluid flow in the presence of a transverse magne- 
tic field was initiated by Hoffmami and Teller (1950) who described t-he relati- 
vistic and nonrelativistic propagation of plane hydromagnetic shock waves in a 
medium of infinite electrical conductivity. 

* Present Address : Polytechnic Institute of Brooklyn, Now York, U.S.A. 
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In order to take aceount of the cjontribution of the magnetic field to the 
pressure and internal energy of the fluid, we define total pressure and total 
internal enrgy as 


and 


^ E -f 


Snp 


( 2 ) 


The*, unstarred (pi anti ties p and E refer to the gas pressure and internal energy 
in tile absence of the magnetic field II. These quantities are (U)nueeted by the 
relation 


E = -L- 

y-1 p 


... (3) 


In terms of the total pressure p , the total internal energy E® is given by 


E^ == 


y 





... W 


where y is the ratio of the specific heat at constant pressure to the specific heat 
at constant volume. 

Similarly, the total enthalpy hP may be defined as 


A* ^ ^ _ h+ ... (6) 

p ^np 

where h is the enthalpy in the absence of the magnetic field. 

In terms of the Aifv6ii speed 



the expression for total enthalpy A® becom(^8 

- ( 7 ) 

From the equations obtained for the limiting case of infinitesimal disturbances 
in the Hoffmann-Tcller paper (1950), we may write the equations governing the 
thermodynamics of hydromagnetic fluid flow as the following: 

The equation of continuity or constant mass flux 


pv = constant = M 


' ... ( 8 ) 
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the equation of constant momentum flux 


and the equations 


p \ 

+ :=r~h^ 


and 


Hv = constant 




(10) 

( 11 ) 


where and are the stagnation values of total pressure and total enthalpy. 
Eq, (10) is analogous to the first law of Ihomiodynainics, while the Eq. (11) 
describes the relation of magnetic^ field strength and gas velocity v. From 
Eqs. (8) and (11) it follows that 


— =: constant = a (12) 

P 

In other v ords, the changes in magnetic field strength and density are such that 
the strength of the inagjieti(^ lu^ld is always proportional to density. 


TI. RAYLEIGH AND FANNO LINES 
The elimination of between Eqs. (8) and (9) yields 


^ 7/2 

p Hn p 




(13) 


which is the analogue of the Rayleigh line in ordinary gasdynamics. 
Similarly, the elimination of v between (8) and (10) gives 



which is analogous to the customary Fanno line. 

On expressing H in terms of p with the help of Eq. (12), these equations 
reduce to 

P+ p® ••• (Ifi) 

Hn p 

and 


a* 

‘+ in '■+ 




= w 


... (16) 
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The eonstaiit a is determined from the initial value of the magnetic field and gas 
density when the gas is at rest. 

III. CHANGE IN INTERNAL ENERGY 
From E<i. (2) we have for the change in uitemal energy 

d^* = d { e +— ) 

\ Stt/) / 

which, witli the help of Eq. (12), reduces to 

<IE^ - dE+ dp 

For a gas satisfying the perfect gas law 

p ^ RTp 

witli R and T as the universal gfis constant and 
in internal energy is given by 


... (17) 

... (18) 

absolute temperature, the change 


( ^ \ 4- ^ i 

\ dp / T \ dp ) T Snp^ 2 \ p / 


where Vjij is the Alfv(5n speed. In the limit of zero magnetic field 


(19) 


( )t^ ifp 

Hence, the internal energy of a perfect gas of infinite electrical conductivity in 
the i)resonce of a transverse? magnetic field depends — unlike in the therm odyua- 
mi(;s of ordinary fiiiid flow -on its density. 


TV. CHANGE IN ENTHALPY 


Similarly, on combining Eqs. (5) and (12), we have for the change in enthalpy 
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For a gas obeying Eq. (18), the last equation yields 

( ) =J^ = Y^4V 

\ dp j T l^np^ p 


(21) 


and for 


Therefore, it may be concluded that, like internal energy, the enthalpy also 
dopojids on the density of a (jonducting fluid in the presence of a transverse 
magnetic field. 


V. CHANGE IN ENTROPY 

Here it will be shown that the terms involving magnetic field do not appear 
in the expression for the change in entroyjy (Sen, 19*56) 

cls- ^ L [ dE-^jfd ( ’ ) ] (22) 

because, on substitution for and dE^ from Eqs. (1) and (17), we have 

- y [ “ + d) ' 

= ds 


VI. SPECIFIC HEATS OF OA8 
The specific heat of the fluid a1. constant volume is given by 


C^vol- - 



(24) 


Therefore, the specific heat at constant volume is not affected by the magnetic 
field. 


The influence of a transverse magnetic field on the specific heat at constant 
pressure depends, however, on which of the gas pressure p or the total pressure 
p* is kept constant. If the gas pressure p is kept constant, then 





= Cp + 


{ dp \ 

4np* \ dT /p 


... (25) 
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which, for a perfect, gas, becomes 


~2i? pressur e 

Gas pressure 


( 26 ) 


Hence, the presence of a transverse uniform magnetic field reduces, in this case, 
the specific heat at constant gas pressure by an amount proportional to the ratio 
of the magnetic pressure and the gas pressure. 

In the second case, when the total pressure jp® is kept constant, we similarly 
have 


f5) = 

’ ±\ 

[ E + ^ + 

— }1 

\ dT / 

. dT 

^ P 

Hnp J J. 


+ (j) 


[by virtue of Eq. (12)] 

In this case, the terms involving magnetic field do not appear in the expres- 
sion for the specific heat which has the same value as in the nonmagnetic case. 
Similarly, the adiabatic constant of the gas is influenced by the transverse mag- 
netic field if the gas pressure is maintained constant. 


VII. LOCAL VELOCITY OP SOUND 

The new velocity of sound C® is analogically defined with the help of 
Eqs. (1) and (12), as 


C® = ((72+F»^^)i (28) 

where C is the velocity of sound in the absence of the magnetic field. In the 
case of magnetic field, the new velocity of sound in a conducting fluid is increased, 
the increment being proportional to the ratio of the magnetic pressure and the gas 
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pressure. However, if the magnetic field exceeds the gas pressure considerably, 
the uew velocity of sound approaches the Alfv6n speed. The coincidence with 
the Alfv6n speed is purely accidental. Although the sound waves appear to have 
precisely the same velocity as that of Alfv4n waves, they are longitudinal in 
character whereas the Alfven waves are trwisvcrse in nature. Similarly, the 
Mach number, in the case of very strong magnetic fields, is defined by the ratio 
of the flow speed and the Alfven speed. 
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ABSTRACT. Tho relativistic scattering of electrons by heavy atoms has been studied 
by taking tho Kozontal approximation of the Thomas-Fermi potential. Tho differential 
cross section of arattoring 1ms been calculated in iho Born approximation up to sccnud order 

in tho expansion of . The numerical results of the scattering of electrons of energy 150 

KeV at an angle 90° have been given for the elements, argon, krypton, xenon and mercury. 


INTRODUCTION 

We propose to study the scattering of the fast electrons hy heavy atoms. 
For high energy scattering the potential of the atom is usually taken as that due 
to the nuclear charge alone, the screening effects of the atomic electrons being 
neglected. It is, however, worth while to investigate the effects of screening 
duo to the atomic electrons on electron scattering. Tho Hartroc-Fock method 
which takes good account of the screening in the potential function is suitable 
only for light atoms, considering the practical difficulties involved. For heavy 
atoms the treatment of the screened potential by the statistical method of Thomas- 
Fermi is more practicable. Unfortimately there is no analytic expression for the 
Thomas-Formi potential. Various approximate representations of tho Thomas- 
Fermi potential are cited in the literature (Majewisky and Tietz, 1957). Among 
them the Rozental form which is a combination of three potentials of Yukawa 
type with different weight factors, is suitable for analytic treatment in higher 
Born approximations. With this potential tho differential cross section for 
electron scattering up to second order has been calculated. Numerical results are 
given for the elements argon (Z = 18), krypton {Z = 36), xenon (Z = 54) and 
mercury {Z = 80) at 150 KeV incident electron energy. These are compared 
with the corresponding numerical results for the Coulomb potential without 
screening* The differential scattering cross section are expressed as the ratio 
of dcr to dcTj^ where dcr^ is the well-known Rutherford scattering cross section. 
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RESULTS and DISCUSSION 
Taking relativistic units h = c — m — the Dirac equation can be written 

[E—i{a, . v)+/^]v5" = — Ze:^Vf 
V = -~-<j>{r) == [0.255e-*««*+0.581e-“‘7*.(.o.l64f>-*-*“*] 

T UiX 


where 



rt 0 = First Bohr radius 


Following Vachaspati (1954), the expression for the seattering cross section in 
Born approximation up to second order can be wTittc^n as 


where 


da = dai-\~da.;^ 

da I = 4{Za)2 1 | V co8^^//2 ^ 1+ sec^^/2 J 

d<r.^ m(Zafa^Ek^ 


== .-(kil Flko), kg = initial momentum, k^ — final momentum 
47r 

I kfl I = I ki i = ^ 


, I p{ (ki|F|k')(k'|K|k„) 

~ 1 - - -- dk 

""(2w)3 ^ S 


<<5*1 


i—1 


a^r 


47r(27r)^i 


1 pt (kiiF|k')(n-k'){k'|l^lko) 

\n,P) i fc'*- F 


47r 


o 

M X/ { 


(27r)»P* 

i<j=:l 


4k^ 31 ^ 

F 


3 (Ai, Aj) -| ^ 31 Ajf) li 




and Jffj are given by Lewis (1956) and quoted in the Appendix. 


«!. aa. as = 0-265, 0.681, 0.164; A,, A,, A, -= 0.246, 0.947, 4.356. 
2 
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^ \ 

The Rutherford soattcring cross section is ; A. r^- . The 

^ 4 sm-^ 612 

value of k for 150 KeV incident electron energy is 0.820534 and the ratios dor^ldxTj^ 

and do’Jdo'y^ are given by 

_ 2k^ (k^-\-2) I j2 
daj, ■ (k^+l) ' 


TABLE I 


z 


dfTo/dcr 

j daldffji 

1 Coulojrib 

Kozental 

Coulomb 

Rozental 

Coulomb 

Rozouial 

18 

0.798815 

0.790772 

0.0542JI 

0.001021 

1 0.853020 

0.858393 

30 

0.798815 

0.795642 

0.108422 

0.127284 

0.907237 

0.922926 

54 

0.798815 

0.794643 

0.162634 

0.194807 

0.901449 

0.989510 

80 

0.798815 

0.793438 

0.240939 

0.294507 

1 .039754 

1.087945 


d(T 

In Table I, the valus of i.e., the ratio of the first order relativistic scatte- 

dOTj^ 

ring cross section calculated with the Rozental potential and the Coulomb potential, 
to the Rutherford cross section (non-relativistic Coulomb scattering cross soedion) 
are given at 150 KeV incident electron energy for different values of the atomic 

number Z, Correspondingly, the ratio ^ g^ows the contribution of the second 

orderterm onlyin the scattering cross section andfinally there is a column fordcr/dcr^ 

which is eiiual to jg fomid that dorJdcTj^ for the Rozental poten- 

dCTj^ 

tial is slightly less (e.g. about 0.5% less for Z = 54) than the corresponding ratio 
for Coulomb potential; the difference between the two ratios increases as Z in- 
creases, This is quite in agreement with the expeidation that the screening 
should decrease ihe scattering cross section, though the very small difference 
between the two ratios indicates that the effect of screening is not appreciable 
at this energy. It is interesting to note, however, that the ratio for the Rozental 
potential is considerably larger than the corresponding ratio for the Coulomb 
potential (e.g. about 20% larger for Z = 54). We can obtain d(T^ for the Cou- 
lomb potential from the Rozental potential, after putting Ai ^ 0, ^ = 1, 2, 3 and 
== ^ 0, a* = 1, then agr reduce to zero in this limit, and gives a non- 

zero value which correctly reduces dcr^ for the Rozental case to the corresponding 
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expression for the Coulomb case. In the Rozeutal case, however, the contri- 
bution to the cross section from the terms associated with is not neglijiible; 
in fact it is found to bo about tweixty per cent of tiie contributions dm* to the 
other terms. 


APPENDIX 

In our calculations we have utilised the following expressions given by 
Lewis (1956): 

Ite v) = Re{k!dW[(K^^+/i^){KJ‘+^^)]-^} » arc tan ' 

A L /t-fv 


—TT^k\k%K^-[ v^)^— 


{ 


arc tan 


—arc tan 




/w(/i-\-v) ! 

k[K-^+(/i -b v)2]- |F( A^-f //^+v2)2- 

v) J I 


Re - 2r~P{[k^K^+ikY+fi*yilK}x 

arc tan {A/4ifc2A'2.l-«y+/t«]-J} 

Re . /,■ - Re{UW[(Ky+A^W‘^ - ¥-~ie)]-^} - arc tan with. 

K A; 


K = ki-kf - k„-k, ; p - k,+ki ; K^ - ko-k ; - k -k^. 
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ABSTRACT. The fluorescence spectra of uranyl acetate, nitrate, sulphate, fluoride I, 
chloride, potassium uranyl sulphate and ammonium uranyl sulphate have been reinvestigated 
at room and liquid air temperatures and now analyses have been proposed for each spectrum 
on the basis of a single electronic allowed transition. 

INTRODUCTION 

The fluorescence spectra of uranyl compounds are studied in detail by many 
workers since the first investigations were made by Becquerel (1872) and Becquerel 
and Onnes (1909). In our earlier paper (Rao and Narasimham, 1966), a compre- 
hensive review of the available literature on the spectroscopic properties of the 
uranyl salts was given. It was shown that the earlier analyses of Freymann 
(1946) and Pant (1946, 1950) were, open to question in several respects. The 
most satisfactory analysis of the compounds has been proposed by Dieke and 
Duncan (1949) but they gave analysis for the spectra of only two salts — caesium 
uranyl nitrate and caesium uranyl chloride. Therefore investigations are again 
carried out on uranyl acetate ( 2 H 2 O), nitrate (6HgO), sulphate (3HgO), chloride 
(IH^O), fluoride I (XHjO), potassium sulphate ( 2 H 2 O) and ammonium sulphate 
(2H,0) at room and liquid air temperatures and analyses have been proposed 
for the fluorescence bands of each compound on tiie basis of a single electronic 
transitioii ^th one upper state and one lower state. In the case of ammonium 
urwiyl sulphate, the analysis of the fluorescence bands has been proposed for the 
first time. 

EXPERIMENTAL 

The experimental set-up for fluorescence consists of a brass rod with a circular 
slot of 6 cm. depth in the middle in which a small glass tube containing the inveshi*' 
gating salt in fine powder form is placed tightly. The brass rod has three small, ' 
holes bored at the middle of the slot (2.6 cm. from the top) two in one line to allow 
the incident light on the substance from two mwoury arcs on opposite sides 
the third perpendicular to the line joining the above two. This allows the flohrll 
rescenoe from the substance into the speetrognq^. 
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Fig. (). [ luDresccncc spectia of potassium uranyl sulphate 

(aj At room (cmpcralure. 

(h) At liquid air temperaluic ( long exposure ). 
(c) At liquid air Icmperatuie ( short exposure ). 
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PLATE V B 



Tig, 7. Pluoicsccnce spectra of ammonium iiranyl sulphate 

(a) At loom lempciatuic. 

(b) At liquid air lemperaiiiic f long exposure ) 

(c) At liquid air temperature ( short exposure ). 



‘ ^ V ■ " mi 

‘ A spedil tyi^ ©f quart* Dewar flask (supplied by Therm^ Syndicate Ltd.) 
is u 9«4 «h^i«jontamer for tho liquid air to sttjriy the fluoresoeuce spectra at liquid 
1 ^ tesEperatqre. The Dewar dadt has three lused plane windo#s on each walls 
Ae holes in the brass rod could be alligned p|arallel to these windows* ^I'he brass 
% rod is suspended by mes^ of a wire into tli liquid air contained in the Dewar 
; dask. The specimen under investigation found to acquire a temperature 
of *^177®Ct The spectrum is photographed m a Puess spectrograph (disjpersion 
of 33 A/mm at A5000 A) using Eford HP3 Isjachromatic plates. 

With this set«up, exposures are given ranpng frcan a few minutes to one hour, 
A very intense picture with even the weakesibands can be obtained in one hoiu 
exposure while five minute’s exposure is sufT * ‘ * bring out the principal bands 
of the spectrum. 

The fluorescence spectra are taken at liquid air and room temperatures, 
In all oases, mercury arcs are used as 8our<^8 of exciting radiations and glass 
filters having a low transmission value from ^e blue green to higher wavelengths 
are used to eliminate the mercury lines in the fluorescence region. The bands 
are measured against standard iron arc linos. The accuracy of measurements fw 
the sharp bands is 2 5 cm’^ for moderate diffuse bands and 15 cm**^ for verj 

diffuse bands. The intensities given are visual estimates from the spectrogrami 
in the 1 to 10 scale and the following abbreviations are adopted for the descriptioi^ 
of the bands. 

vsh — very sharp d — diffuse 

ah — sharp vd — very diffuse 

msh— medium sharp 

RESULTS AND DISCUSSION 

The fluorescence spectra of the uranyl acetate, |atrate, sulphate, chloride, 
fluoride I, potassium sulphate and ammonium sulphate at liquid air and roon 
temperatures with different exposure times are reproduced in Figs. 1 to 7, Platei 
IV and V, At room temperature, new ban^ which are diffuse, are recordec 
in the region of absorptiq^i corresponding to tlie upper state fundamental 
the symmetric fy^^gn^^cy of the uranyl At liquid air temperature 

a few additional^bflijli^^ the previous data, are also recorded in the oas^ 

,gf uranyl acetate, and sulphate. 

k , ^ Th^ bands, in general, form into about seven or eight groups separated bj 
7 about 860 cm-^ corresponding to symmetrfo streching frequency of the UO^ ilp 
in the ground state. In all the spectra except tli^t of fluoride I, we find the st^ni 
doublet pattern of bands repeating at tegul^ji^ll^im'als with the long waveleng^ 
member of each pair weaker than the shorter wavelength component. In 
ease of fluoride I a strong triplet pattern of bands repeats at regntar interv|i||l 
4^ Ibetwehti the groups^ a mimber <rf weaker bands are observed* 


t 
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Earlier analyses : 

Pant (1945) stnclicd the fluorescence spectra of urariyl acetate, sulphate, 
chloride, fluoride I, fluoride II and potassium uranyl sulphate and analysed the 
bands of each spectrum on the basis of two electronic transitions with two close 
lying ground states and a common upper state. Freymann and co-workers 
(I04f>, 1947) published another analysis of the fluorescence bands of uranyl ace- 
tate, nitrate, chloride and fluoride II. They interpreted the bands on the basis 
of a forbidfleu transition with a very weak or totally absent baud as (0,0) (Pant’s 
Afl band). The defects of both these two types of analyses have been discussed 
at length in our earlier paper (Rao and Narasimham, 1956). 

Present analysis 

The fluorescence bands of each substance have boon analysed on the basis 
of a single electronic allowed transition (Table I to VII). The important features 
in the analysis of each compound are given below. 

Uranyl acetate 

The (0,0) band in the fluorescence spectrum of the acetate is fixed at 
20587 cm~^. The reasons for this choice are 

(i) This band is strong both in fluorescence and absorption. 

(ii) In fluorescence, this is the first strong band on the short wavelength 
side. 

(iii) At room temperature, a fluorescence band is obtained at 21288 cm~^, 
with a shift of 701 cm~^ from this band alone and the frequency cor- 
responds to the upper state fundamental of the symmetric streching 
vibration of the uranyl ion, recorded in absorption. 

(iv) In absorption experiments, two pairs of emission bands have boon 
recorded on the long wavelength side of the (0,0) band agreeing with 
the first two strong pairs of fluorescence bands. These emission bands 
could be interpreted as O-n X 860 and 0-940-n X 860 with the (0,0) band 
at 20587 cm“^ (Narasimham and Rao, 1960). 

Out of the 57 bands in acetate, about 46 bands could be iuterjjreted on the 
basis of four fundamentals in the ground state 860 (U — 0 symmetric streching), 
940 (U— 0 asymmetric streching), 222 (0— U— 0 symmetric bending) and 
36 cm~^ (crystal lattice vibration) and three frequencies in the upper state 701, 
210 and 33 cm“^ (see Table I). The band at 19968 cm“^ is taken as due to the 
fundamental 599 characteristic of the acetate radical. This suggestion is only 
a possibility adopted from Dieke’s (1949) observation that, in acetates, a funda- 
mental of about 600 cm^^ is generally observed. 

Uranyl nitrate 

For the same reasons as in acetate, the strong band at 20582 cm’’^ has been 
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chosen as the (0,0) band. Out of a total 60 bands, 51 bands could bo interpreted 
on the basis of four fundamentals in the ground state 866 cm-i (U-0 symmetric! 
streching), 949 cm -^ (U— 0 asymmetric strechiug) 222 cm-' (symmetric bendiirg) 
and 31 cm-' (crystal lattice frequency) and throe fundamentals in the upper 
state 722 cm-' (corresponding to 860 cm * in the ground state), 210 and 33 cm-' 
(Table II). The band at 20028 cm"' is interpreted as duo to a fundamental 
554 cm-'. Two more such bauds are observed in the next groups. A possible 
suggestions is that this may be a fundaraejital of the nitrate radical. 

Uranyl sulphate 

The fixing up of the (0, 0) band in the sulphate speetrmn is a problem of special 
interest. At liquid air temperature the first prominent band in fluorescence is 
at 2031 6 cm-' . 

TABLE I 


Fluoroscencie bauds of uranyl acetate 


Wave- 
number 
of tho 
band 

Inten- 

sity 

Shift 

from 

(0,0) 

band 

(Ak) 


Assignment 


Present author 

Froymann 

(1*947) 

Pant 

(1945) 

(1) 

(2) 

(3) 

(4) 

(0) 

(«) 

ai288** 

2 vd 

+ 701 

OH 701=701 



20739*? 

1 d 

-f 152 


(0,0) 

A, 7 

20020* 

1 msh 

-1 33 

04-33 = 33 



20587* 

Ssh 


(0,0) 

0 } 720-860 

Ho 

20551 

3 msh 

- 36 

36=36 



2046;} 

2 sh 

- 124 




20426 

3 sh 

- 161 


0 1 2x720-2x860 

Do 

20365 

2 sh 

- 222 

0 — 222 = 222 

0 1-720- 860- 210 

Bo -235 

20270 

2sh 

- 317 


0 1 720-930-210 

A,- 2X2.35 

20146 

3 sh 

- 441 

0-2x222=-^ 444 

0 1 720-860-2x210 

Bo- 2x235 

20! 12 

2 sh 

- 475 

0-36-2x222-480 



20059 

1 sh 

- 528 




19988 

1 sh 

- 599 

()-.599 = r>99 



19874 

2 sh 

- 713 

0 + 210- 940 ^7.30 

0-860 

Ao - 855 

19808 

1 msh 

- 778 




19763 

2 msh 

- 824 

0 + 33-860-827 



19727*** 

10 sh 

- 860 

0-860=860 

0 1 720-2x860 

Bo- 855 

19683 

3 d 

- 904 

0-36-860=896 



19647*** 

6 sh 

- 940 

0- 940=940 

0 1-720-860-930 

Ao- 855 - 235 

19618 

2d 

- 969 

0- 36- 940= 976 



19556 

3 sh 

-1031 


0 1-720-2x930 or 

Do -855 





04-2x720-3x860 


19509 

3 sh 

-1078 

0-222-860=1082 

0 4-720—2x860-210 

Bo- 865- 235 

19461 

3 sh 

-1126 

0 - 36— 222- 860=1118 



19411 

3 sh 

-1176 


04- 720 -860 -930 

Ao-856-2x236 





-210 


19366 

1 d 

-1221 



Bo- 856- 2x236 
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TABLE I (Contd.) 


Wave*' 
number 
of the 
band 


Shift 

from 

(0,0) 

band 

(Ar) 


Assignment 


Inien- 

sity 

Present author 

Freymann 

(1947) 

Pant 

(1946) 

(1) 

(2) 

(3) 

(4) 

(6) 

(6) 


19:U2'| 

2 d 

-1276] 

0 - 2 X 222 — 860 = 1 304 



19266] 

2d 

-1332] 




19108 

1 insh 

-1419 




19107 

2 msh 

- 1480 

0- 699 - 800 -- 1469 



19020 

2 sh 

-1607 

0 I 210-940-860 

0-2x860 

Ao- 2x855 




= 1590 



18898 

1 d 

-1089 

0 1 33-2x860=1687 



i88G0*** 

10 ah 

- 1721 

0-2x860- 1720 

0-1-720-3x800 

Bo- 2x865 

18789*** 

8 sh 

-- 1798 

0-940-860=1800 

0 ! 720-2x860-930 

A„- 2x865-236 

18740 

2 msh 

-1841 

0 " 30 - 940-800=1830 



1 8706 

2 sh 

1882 


0-1-720-800-2x930 

Do- 2x855 





or 






0 ) 2x720-2x860 


18004 

2 sh 

-1923 

0-222-2x860 --1942 

0 1-720-3x800 


18608 

2 sh 

-1979 



Bo~2x865-236 

J8662 

2sh 

-2036 


0-1 720-2x800-930 

Ao~ 2x866 





-210 

-2x235 

18412 

1 d 

-2175 

0-2x222-2x800 






-2164 



18153 

1 msh 

-2434 

0 1 210 - 940 - 2 x 8«() 

0-3x800 

A„- 3x865 




= 2460 



18009 

8 sh 

- 2578 

0-3x800 = 2580 

0 1 720-4x860 

Bo-3x856 

17982 

2 msh 

-2005 

0-.36-3xH00^2010 



17920 

0 sh 

-2061 

0-940-2x860=2000 

0^ 720-3x860-930 

Ao~3x 855-236 

17895 

1 d 

-2692 

0-36-940-2x860 






= 2696 



17802 

2d 

-2786 




17771 

1 msh 

-2816 

0-222-3x800=2802 


Bo~3x 855-236 

17678 

1 d 

-2909 


0+720-3x860-930 

Ao"“3 X 865 





- 210 

-2x235 

17147 

0 sh 

-3440 

0-4x800 = 3440 

0+720-5x860 


17072 

4 sh 

-3515 

0 - 940 - 3 X 860 = 3620 

0+720-4x860-930 


17063 

1 msh 

--3534 

0-36-940-3x800 






= 3660 



17006 

2d 

-3682 




J0482 

1 d 

-4106 




10303 

1 d 

-4284 




10273 

3 sh 

-4314 

0-6x800-4300 

0 + 720- 6 x 860 


10205 

2 sh 

-4382 

0-940-4x800=4380 

0+720-6x860-930 


16091 

1 msh 

-4490 

0-222-6x860=4622 



16439 

2 sh 

-6148 

0-6x860 = 6100 



16392 

2 8h 

-6196 

0-940-6x860=5240 




♦ These bands are recorded in absorption also, 

*♦ This band is obtained at room temperature. 

These bands are obtained in absorption as emission bands. 
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TABLE II 


Fluorescence bands of uranyl nitrate 


Wave 
number of 
the band 
om~i 

Intensity 

Shift 

from * 

Assignment 

(0.0) 

band 

Pit'sont auilior Freymann 

(1947) 

(1) 

(2) 

(3) 

W (5) 


22()01** 

1 vd 

1 1419 

0 i 2 X 722 1444 


21304** 

2 vd 

+ 722 

0 1 722 722 


20618* 

1 d 

-I 36 

0-1-36=36 


20582* 

8sh 


(0,0) 

0 i 720-800 

20561 

3 msh 

- 31 

0-31-31 


20623 

1 d 

~ 69 

0-2x31 = 62 


20440 

3 msh 

142 



20392 

2 sh 

- 190 

0 1 36-222 *186 

0 1 720 -800-230 

20360 

2 sh 

222 

0 — 222 = 222 

- 

20114 

2 msh 

— 468 

0-2x222 444 


20028 

1 msh 

- 654 

0 — 554 — 554 


19924 

3 sh 

- 658 

0 1 210-866=656 

0-1-720-800-- 3x230 

19887 

3 sh 

- 695 

0-31 1 210-866' 687 


19823 

2 d 

— 769 

0 j 210- 949-739 

0 - 930 

19762 

2 d 

— 820 

0-1-36—866 .830 


19716*** 

10 sh 

— 866 

0-866 = 866 

0 i 720-2x860 

19683 

3 d 

- 899 

0_31_ 866=897 


19633*** 

6 sh 

- 949 

0-049 949 

0 1 720-860 - 930 or 
860-230 

19588 

2d 

- 994 

0-31-949=980 


19545 

2 msh 

-1037 


0 1 720- 2 a 800-930 or 
0-930-230 

19505 

3 sh 

- 1077 

0 222 — 866 -1088 

0 1 720-860- 930-230 

19456 

3 sh 

-1127 

0 _ 3 ] _ . 222 — 866 -1119 

19316] 

2 d] 

-1266 

0—2x222 866 1310 

0 i 720 - 2x860-2x230 

19225J 

2 d] 

-1357 


0 i 720 — 800- 930 — 2 x230 

19160 

1 d 

- 1422 

0-554-866=1420 


19057 

3 msh 

-1525 

0 1 210-2 X 866- 1522 

0 1 720-2x860-3x230 

18965 

2 msh 

-1617 

0 i 210-949-866- 1605 

0 . 860- 930 

18854*** 

8 sh 

- 1728 

0-2x866 = 1732 

0 1 720- 3 A 860 

18827 

2 d 

-1765 

0-31- 2x866=1763 

0 1 720 — 2 X 860 — 930 or 

18777*** 

8 sh 

-1805 

0-949-860=1815 

0-2x800-230 

18738 

2 d 

-1844 

0-31 -949-806 -1840 

0 1 720- 3x860-230 or 

18688 

2 msh 

-1894 


0- 860-930-230 

18636 

2 sh 

-1947 

0—222 - 2 > 866= 1954 

0 1-720- 2x860-930—230 

18593 

2 msh 

-1989 

0— 31 - 222 — 2 X 866 ^ 1 984 


18662 

1 msh 

-2020 



18530 

1 msh 

-2062 


0 1 720-3x860-2x230 

18494 

1 d 

-2088 


18412 

2 d 

-2170 

0 — 2 X 222 - 2 X 806 =2176 


18185 

1 d 

-2397 

0 + 210-3x860=2388 

0-2x860-930 

18105 

1 d 

-2477 


3 
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TABLE II (contd) 


Wave 
numbiir of 
tho band 
om~i 

IntouHity 

Shift 

fr(»Tn 

(0,0) 

baud 

Assigumeut 

Presiuit author 

Freymaiin 

(1047) 

(1) 

(^) 

(3) 

(4) 

(6) 

17i)84 

0 sh 

■ 2508 

0-3 X 800 2598 

0 1 720-4x860 

17blb 

0 Mil 

- 20(ir) 

0-040- 2x800=- 2081 

0 j 720 -3x860-930 or 





0- 3x800-230 

J 7803 

2 d 

2770 



17770 

2 tiihU 

- 2812 

0 222- 3x800- 2.s2t) 

0 1- 720 - 3 X 860 - 030 - 230 

J77l>0 

2 in.sh 

2850 

0- 31 -222- 3 A 800= 2850 


17501 

2 d 

- 3081 

0- 2x222- 3 > 800=3042 

0 i 720- 3x800-930 





-2x230 

1 7458 

1 d 

- 3124 

0-554 3x800^ 3152 


17100 

1 tl 

-3383 

(>■1 2l()-949-3\ 866-3337 


17137 

4sli 

-3445 

0-4x866--. 3464 

0 1 720-5x800 

1704ii 

4 sh 

- 3540 

0-040 3x800-3547 

0 -1-720 — 4 y 800 -030 or 





0- 4x720 -230 

17011 

2 uihIi 

- 3571 

0 - 3 1 - 040- 3 X 800 - 3578 

O.}_720 -5x800 230 or 





0- 3 /800- 030-230 

10808 

2 msh 

- 3(i84 

0-222 -4x800 -3080 

0 ! 720 4x800 - 030 -230 

l(>(i20 

2 d 

- 3053 

0- 2 X 222 — 4 ' 800 3008 

0 i 720- 800- 030 1-2x230 

10207 

3 sh 

- 4315 

0 - 5 < 800 .--4330 

0 ! 720- 0x800 

J0J03 

3Hh 

-4380 

0- 040-4x800=4413 

0 1 720 5x800 030 or 





0- 5,^ 800-^230 

10045 

2 insh 

-4537 

0-222 5x800 4552 


15000 

1 d 

-4082 



15780 

1 d 

- 4802 

0-2x222 5 <800 4774 


15438 

2 mnli 

-5144 

0-0x860 - 5100 

0 , 720- 7> 800 

15302 

2 d 

5220 

0 040- 5x800--- 5279 

0 -Ox 800-230 


* Tluvso bands avo rocordnd m afisorption also. 

** TIklso liaiids aro obsorvod ai room toiiri]»ero.turo. 

*** I’hoso bands aro rofordod in alisorption as omission bands. 


How(^vor, at the same tcinperatiire but \vith longer exposures, a less })](niiineut 
baud develops at 20560 eiri"h The frequeiuy shift between ihese two is 
244 enrh The values for these bands in absorption are 20317 and 20561 cm“^ 
respeetively. But the band at 20561 oiu"^ is niueh strojiger tJian that at 
20317 enr h It is possibh^ to understand this intensity variation if we assume 
the (0, 0) band to bo «at 20560 em"^ and interpret the 20316 eni '^ as 0—244 (v 2 
bending fre(pieney). In the fluorescjenee s]>eetra of many organic niolecxdcs the 
(0, 0) band is t‘xtreinely weak eoinpared with some of the fundamentals due to the 
phenomenoji of self-absorption. A similar process may bo considered as res- 
ponsible for the weakness of this (0, 0) band in fluoreseonee (20560 cni'“^). 

The analysis of the sulphate spectrum (Table III) presents some unicpio 
features. The actual fundamentals are 857, 931, 244 and 25 cm”’^ in the ground 
state of the uranyl ion and 729, 242 and 32 cni“^ in the upper state. In the 
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acetate and nitrate spectra, the frerpiencv 222 cjn-i r('})rescnt('(l hy a weak hand 
whereas in the sulphate, tlus frequency 244 cm-' has a high intensity. All 
strong bands of the spectrum <!ould he iutoiqir(>ted only in terms of combiiiatioji 
with this fundame}\t.al. Tt is clear that this fundamental 244 i»lays an impor- 
tant role in the fluoroseeiice spectrum. Another fundamental !)(i2 cm-' is assigned 
as a possible sul])hato ion frequenry. 

Sevchenko and Stej)ajiov (ll)4b) stndied the infra red absorplioji of the 
siilidiate and observed fn‘(pieneu*s forbiddeii for a linear model of the nranyl 
ion. Therefore, they eonelnded that the uranyl ion is bi^it in sul])hate. The 
fact that the l^ndin^ frequency 244 em “^ is very strong in the fluon'seeiice spec- 
trum of the sulphate is a further justification for the ich^a that the uranyl ion is 
bent in sulphate. 


TABLE 111 


Fluorescence baiuls of uranyl sulphate 


Wave niimbf'r 


Shift from 


of i,ho baud 

TiU-eusity 

(0,U) baud 
cm 1 obs. 
value 

Asflignrnout 

(1) 

(-’) 

Cb 

S) 


2 vd 

} 729 

0 1 729=- 729 

;moo(5** 

1 V(1 

t 506 



1 fib 


(U,0) 

204 V2* 

1 nil 

- IIS 


209 79* 

2 sh 

- 181 

0-1-2x32- 244 - 180 

20948* 

2 Hh 

212 

0 1 92 244 212 

20910* 

7 vsli 

- 244 

0-244 244 

2029 1 

9 vsli 

— 269 

U_l>5— 244 2f;9 

20202 

2 hH 

— 2!)8 

0 -2 .25-244 294 

20228 

1 sh 

- 392 


20177 

9 sh. 

- 3S3 


20U9 

3sh 

- 411 


20124 

1 sh 

496 


20095 

1 msh 

— 405 

0 f 92- 2 >'244 456 

20005*** 

9 sh 

- 495 

0 2x 244- 488 

20040 

2 msh 

— 520 

0-25-2x244 513 

10087 

1 msli 

573 

0-f 32 ! 242 857- 583 

19949 

2 sh 

- 61 1 

0 1 242-257 615 

19920 

1 msh 

- 691 

0-25 ! 242 857^640 

1 9890 

2 msh 

670 


19804 

1 msh 

- 696 


19810 

2 sh 

— 750 

0-3x244-732 

19770 

1 msli 

— 784 


19709*** 

6 vsh 

- 857 

0-857 = 857 

19629 

2 sh 

- 931 

()_99l = 931 

19598 

1 msh 

- 962 

0-962 = 962 

19560 

1 msh 

- 1000 

0 ! 2x 32 — 244— 857 = 1037 

19521 

3 msh 

-1039 

19498 

4 msh 

- 1062 

0 j 92-244-857 = 1069 

19464*** 

10 vsh 

— 1096 

0_244-'857=110l 
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TABLE III (eontd.) 


Wave number 
of the baiul 

lutensity 

Shift from 
(0,0) band 
em-i obs. 
value 

Assignment 

(1) 

(2) 

(3) 

(4) 

10430 

2 sh 

- 1130 

0 -- 25 - 244 - 857 = 1126 

1 0302 

1 sh 

— 1168 

0 — 2 X 26- 931 -244-= 11 61 

19372*** 

6 vsh 

1188 

0-931—244=1175 

10337 

1 msh 

- 1223 


10310 

2 sh 

-1244 


1 0250 

1 msh 

-1301 


1 02 1 0 

2 sh 

-1344 

0 — 2 X 244 — 857 = 1346 

10105 

2 msh 

- ises 

0 - 25 - 2 X 244 - 867 = 1 370 

10111 

1 msh 

— 1449 

0 {-242 — 2x8.57=1472 

1 9000 

2 msh 

— 1551 

0 - 3 X 244— 857= 1580 

18910 

1 msh 

— 1650 


18858 

6 sh 

— 1702 

0-2x867 = 1714 

18787 

1 msh 

- 1773 

0 — 062 — 867 = 1819 

"18000*** 

1 0 vsh 

— 1951 

0-244 — 2x857=1968 

1 8574 

2 hU 

— 198(5 

0 - 25 - 244 - 2 X 857 = 1 983 

18528*** 

8 vsh 

— 2032 

0 - 931—244 — 867 = 2032 

1 8405 

2 msh 

- 2095 


1 8337 

2 mall 

— 2223 

0-f 2x 244— 2x 867=-2202 

1 8243 

2 msh 

— 2317 

0 1 242-3x857 = 2329 

18207 

2 msh 

-2353 


17002 

4 vsh 

2567 

0 — 3 X 857 = 2571 

1 7024 

1 d 

— 2636 

0 - 962 - 3 X 857 - 2676 

17750 

8 vsh 

— 2801 

0 — 244 - 3 x 857 = 2815 

17071 

0 vsh 

— 2880 

0-031 - 244 - 2 X 857 = 2889 

17570 

2 msh 

--2084 


17400 

1 d 

— 3070 

0-2 X 244- 3 X 867 = 3050 

17180 

1 d 

— 3374 


I7I4I 

2 sh 

— 3419 

0-4x867 = 3428 

1 7024 

1 sh 

— 3536 

0 — 062 - 3 X 857 = 3533 

16800 

6 vsh 

— 3664 

0-244-4x867 = 3672 

10806 

6 vsh 

-3754 

0 - 931 - 244 — 3 X 867 = 3746 

1 0720 

2 sh 

— 3840 


16013 

1 msh 

-3947 

0-2x244-4x867 = 3910 

16535 

1 msh 

— 4025 

0 + 242-5x857 = 4041 

16378 

1 d 

— 4182 


16171 

1 msh 

— 4389 

0-962-4x867=4390 

16119 

1 msh 

-4441 


16061 

2 sh 

- 4499 

0-244-6x857=4629 

15980 

2 sh 

- 4680 

0 — 93 1 - 244 - 4 X 867 = 4603 

15908 

1 msh 

— 4652 


15210? 

1 d 

— 5350 

0 - 244 — 6 X 857 = 6386 

15136? 

1 d 

-6424 

0-931- 244 - 6x 867 = 6460 


* Thoso bands aro recorded in absorption also. 


♦♦ These bands are obtained at room temperature. 

These bands are recorded in absorption as emission bands. 
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XJranyl flvoride — I : 

Out of the three fluorides i.e., anhydrous fluoride and two hydrated varieties 
called by Pant (1945) aa fluoride I and fluoride II, fluoride 1 is the only eoiiii)ound 
which has shown fluorescence. The triplet pattern of bands observed in the 
fluorescence spectrum of fluoride I immediately makes us suspect whether this 
spectrum is entirely due to fluoride I or possibly due to any other fluoride that 
may exist as an inpurity in fluoride 1. On a comparison of the two bands at 
20012 and 20092 era-’ with those two observed in absorption of fluoride T and 
fluoride II, it was noted that the band at 20092 cm"’ in fluorescence can be 
attributed to fluoride II while the stronger baud at 20012 cm-i can bo attributofl 
to fluoride I. If we take these two as the (0, 0) bands for the two fluoi idos, all 
the bands could be explained on the basis of two series; Series I consisting of 
the comparatively weaker bands made, out of the short-wavelength components 
of the triplet structure to be attributicd to fluoride II and series II consisting 
of the central strong bands and the long wave length compornuit.s of the triplet 
structures making the usual doublet patterns obtained in all other fluorescence 
sp(!ctra and interpreted on the same lines. This classification is indicated in 
fig. 4, Plate IV (B) and Table TV. 

The shift between the two (0, 0) bands of the t wo fluorides is HO <un Tin* 
values of the symtuetric stw'ching fundamental (vj) in fluoride I and fluornh^ TI 
are respectively 824 and 814 cin"^ while the value of the asymmetric streching 
fre(pioncy (vj) in fluoride T is 891 enr h The Vj freipicncy of fluoride IT may hav<i 
about 70 cm~^ shift from the Vj and it makes its Vj fundannntal and its combi- 
jiations with the Vj fall on the Vj fundamental and its overtones of flouride 1. 
This might account f<ir the singlet structure of the bands attributed to flouride 
TI. 


TABT.E IV 

Fluorescence bands of uranvl lluorirle 1 and II 


Wfvvo- 
numbor 
of tho 
band 
cm-i 

Inten- 

sity 

Shift 

from 

(0,0) 

F. I 

Shift 

from 

(0,0) 

F. 11 

Assigumout 


Pant 

(1945) 

Present author 

Fluoride I Fluoride TI 

(1) 

(a) 

(3) 

w 

(5) 

(8) 

(7) 

20687* 

1 vd 

-f 675 

+ 595 

0-f676==676 



20092** 

4 vsh 

H- 80 



(0,0) 

Bo 

20070** 

] msh 

+ 58 

- 22 




20012** 

7 vsh 


- 80 

(0,0) 


Ao-176 

19980 

1 msh 

~ 32 

- 112 

0-32=32 


Do 

19918 

1 msh 

- 94 

- 174 



Bo- 176 

19894 

2 msh 

- 118 

~ 198 


0-198=198 


19812 

1 msh 

- 200 

- 280 

0-200=200 


Do- 176 

19591 

2 msh 

- 421 

- 601 

0-2x200=400 


Bo- 3x176 

19489 

1 msh 

- 623 

- 603 
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TABLE IV— (contd). 


Wave- 
number 
of (ho 
band 

Tuloti- 

Hity 

Shift 

from 

(0,0) 

F. T 

Shift 

from 

(0,0) 

F. TI 

Assipjnment 


Present author 

Fluoride I Fluoride TI 

3 

(I) 

(^) 

(3) 

(4) 

(5) 

(0) 

(7) 

i04r>;i 

1 msh 

- 559 

- 639 





6 ^"fih 

- 734 

- 814 


0-814--814 

Bo “81 9 

191 88** *** JO vsh 

--- 824 

■ 904 

0-824=824 


Ao- 827- 176 

J 91 iil *** 

7 vsh 

- 891 

- 971 

0-891^891 


Ho-819-176 

19085 

1 rnsh 

- 927 

-1007 


0-198-814 







= 1012 


18911 

2 sh 

-1101 

-1181 

0-200- 891 =-1091 


Ao-827-2xl76 

18S10 

3 sh 

-1202 

-1282 

0-2x200-824 


Ao- 827- 3 x 176 





-1224 



1 8703 

2 msh 

- 1 249 

- 1329 




18726 

1 msli 

-1286 

-1366 



Bo-819-3x176 

18639 

3sh 

-1373 

-1453 




18574 

1 msh 

-1438 

-1518 

0-3x200-824 







- 1424 



18542 

1 d 

-1470 

-1550 




18502 

1 d 

- 1510 

-^1590 



Ao- 2x827 


5 vsh 

- 1 549 

- 1 629 


0-2x814 

Bo- 2x819 






-1628 


18405 

2 sh 

-1607 

-1687 



D„- 2x795 

18363*** 

Ssh 

-1649 

- 1729 

0-2x824=1648 


Ao- 2x827- 176 

18295*** 

6 sh 

- 1717 

- 1797 

0-. 891-824-1715 


Bo -2x819- 176 

1 81 54 

1 insh 

- 1 858 

-1938 

0-200-2x824 


H„- 2x795-178 





-- 1848 



18125 

1 msh 

-1887 

- 1967 




18082 

1 sh 

- 1930 

-2010 

200- 891 -824 


Bo- 2x81 9 





- 1915 


-2X176 

18026 

2 sh 

-1986 

-2066 




17934 

1 d 

-2078 

-2158 

0-2x200-2x824 


Bo-3 X 819 





= 2048 


-2x 176 

17657 

3 sh 

-2355 

-2435 


0-3x814 

Bo-3x819 






= 2442 


1 7595 

2 sh 

-2417 

- 2497 



Bo-3x795 

17542 

6 hT) 

-2470 

-2550 

0-3x824 = 2472 


Ao-3x827-176 

17480 

4Bh 

-2532 

-2612 

0-891-2x824 


Bo-3x 819-176 





-2539 



17191 

2 d 

-2821 

-2901 




17031 

2 sh 

-2981 

-3061 




16838 

2 msh 

-3174 

-3254 


0-4x814=3256 

16777 

2 msh 

-3235 

-3315 




16704 

4 sh 

-3308 

-3388 

0-4x824=3296 



1 6653 

3 sh 

— 3359 

-.3439 

0-891-3x824 







= 3363 



15913 

1 msh 

-4099 

- 4179 

0-5x824=4120 



15865 

1 msh 

-4157 

-4237 

0-891-4x824 







= 4187 




♦ This band is recorded at room temporaturo. 


** These bands are obtained in absorption also, 

♦* These bands are obtained as emission bands in absorption experiments. 
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The other fundamentals obtained in the fluorescence spectrum of fluori<l(! 
I are the bending frequency of 200 cm-i the crystal lattice frequency of 
32 cm-i in the ground state and 675 cni-> of the Vi frequency in the upper state. 


TABLE V 

Fluorescence' bands ol' uruayl chloride 


Wave- 


Shift 


AsHiRi^incut 


number 
of the 

Inten- 

sity 

from 

. 



(O.d) 

Presont author 

Froyiuanu 

Pant 

band 


band 


(1947) 

(1045) 

(1) 

(^) 

(3) 

W 

(fd 

(«) 

20547* 

1 mRh 

+ 26 

0 + 26 . 

0 H 720 -875 

Bo 

20521* 

5 sh 


(0,0) i 

20443* 

2 msh 

— 78 


0 1-720- 930 or 

0—230 

Ao -34li 

20275 

3 sh 

- 246 

0 — 246 246 

0^720- .S75- 230 

P,,-24r. 

20213 

2 (1 

- 308 


0 }• 720-930- 236 


20144 

1 d 

377 



Ao ■ 3x340 

19041 

10 sh 

— 880 

0-880 8S0 

0 i 720-2x 875 

Po-876 

19557 

10 Kh 

- 964 

0-964 -=964 

0 1 720-875-930 or 
()_87r)-230 

Ao 876- 246 

19391 

5 sh 

-1130 

0~ 246 8S0 - 1 1:*« 

0 1 720-2x875- 230 
or 0 -930-230 

bo- 870-340 

10327 

2 d 

- 1 1 94 

0-246-964 =-1210 



1 9248 

1 d 

- 1273 




18762 

8 sh 

— 1 759 

0- 2x880- 1760 

0 1 720-3x875 


18681 

10 sh 

-1840 

0-964-880=1844 

0-1-720-2x875-930 
0 — 2x875 — 230 

or 

18515 

5 sh 

-2006 

0-246-2x880=2006 

0-f 720-3x875-230 or 





0-875-930 - 230 


18452 

1 ti 

— 2069 

0-246 ’ 964-880 -2090 



18370 

1 d 

-2151 




17884 

4 all 

-2637 

0-3x880-2640 

0 1 720-4/875 


17806 

8 sh 

-2715 

0-964-2x880 = 2724 

() 4 720-4x875-230 


17636 

4 msh 

-2885 

0 - 246 - 3 X 880 = 2886 

0-2x875-930-230 


17561 

1 d 

-2970 

0-246-964-2x880 






= 2970 



16989 

2 sh 

-3532 

0-4x880 = 3620 

0 + 720-5x876 


16920 

4 sh 

-3601 

0-964-3x880=3604 

0 + 720 + 4 x 875-930 or 





0-4 X 876 — 230 


16766 

1 d 

-3766 

0-246-4x880=3766 

0 + 730-5x875 • 330 or 





0-3x876-930- 230 



These bands are obtained in absorption also. 
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Wiivo- 

uiiiTibor 
of t.ho 
band 
cm~i 


( 1 ) 

20476* 

20431* 

20373* 

20320* 

20302* 

20263 

20241* 

20211 

20)70 


201 4H 
20004 
20046 
10056 
10805 

19850 

10824 

19776 

19706 

19636 

10601 

10566 

10536*** 

10458*** 

lOJOO 


10372 

10346 

10314 

10260 

10210 

10155 

10104 

10063 

18936 

18872 

18804 

18765 

18732 

18703*** 

18026*** 

18587 

18536 

18483 

18431 

18376 


TABLE VI 

riiioresocince bands potassium uranyl sulphate 



Shift 

Assignment 


Tuten- 

from 



sity 

(0,0) 

I’resen)^ author 

Pant 


l)and 


(1945) 

(2) 

(3) 

(4) 

(6) 

1 vd 

-i 662 

0 1 662 --662 


1 d 

1 103 

0 1 3x30=00 

Ao 

2 hK 

-i- 58 

<H 2x30-60 


10 VHb 


(0,0) 

Bo 

2 ah 

_ u 

0-44=44 


4 Bh 

- 71 

0-2x44=88 

Ao~172 

2 Bh 

- no 



3 Mh 

- 132 



3 Bh 

- 162 



2 rnsli 

- 104 

0-104=104 

B„-172 

1 rnsh 

225 



6 sh 

270 

0-270=279 

A„-2x 172 

2 sh 

327 

0-44-279 ..*323 

Bo-2x 172 

2 Bh 

417 

0-417 = 417 

Ar>-3xl72 

1 iriHh 

478 


l>o-2x 172 

1 msh 

523 



1 inBh 

549 

0-2x270 558 


1 msh 

607 

0-507 - 507 

Ao-4xl72 

1 Bh 

667 


Bo-4xl72 

2 d 

737 

0 + 3x30-.- 837 = 747 

Art- 833 

3 msh 

772 

0 + 2x30-837 = 777 


5 msh 

807 

0 ( 30-837 = 807 


10 vsh 

837 

0-837 = 837 

Brt-833 

7 VBh 

015 

0-015 = 015 

Art- 833- 172 

3 8h 

064 

0-44-015^ 950 


5 VHh 

1001 

0-1001 = 1001 

Bo- 833- 172 

2 d 

-1027 

0-104-837 = 1031 


2 d 

-1059 



7 Bh 

-1113 

0- 270 -837 = 1116 

Art-833-2xl72 

2 msh 

-1144 

0-44-279-837=1160 

Bo-833-2 x 172 

1 d 

-1218 



3 msh 

- 1260 

0-417-837=1254 

Ao- 833- 3x172 

2 msh 

-1310 


Bo- 833 -2 X 172 

2 msh 

-1437 

0-607-837=1434 

Ao- 833- 4X172 

2 msh 

-1601 


Brt-833-4xl72 

1 d 

-1569 



2d 

-1608 

0 + 2x30-2x837 = 1614 


5 msh 

-1641 

0 + 30 -2x837-1644 


10 vsh 

1670 

0-2x837=1674 


6 vsh 

-1747 

0-016-837=1762 


1 d 

-1786 

0-44-016—837=1796 


5 sh 

-1837 

0-1001-837=1838 


1 d 

-1890 

0-.194-2x837-=1868 


4 sh 

-1942 

0-279-2x837=1953 


3sh 

-1997 

0-44-279-2 X 837= 1997 
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TABLE VI (eontd.) 


Wavo- 

nnmbor 

Inten- 

Shift 

from 

Assi^iiniout. 


of the 

hand 

cm-i 

sity 

(0,0) 

band 

cm“i 

Tresfiut authoi- 

Taut 

(194.5) 

(1) 

(2) 

(3) 

(4) 

(S) 


18299 

2d 

-2074 

0-417-2X 837^=2091 

18097 

1 msli 

-2276 

0-795-2x837-^2271 

18032 

1 msh 

-2.341 


17903 

3 d 

-2470 

0 + 30-3x837 = 2481 

17876 

8 sh 

- 2498 

0 — 3x837 =.2511 

17797 

5 sh 

-257(» 

0-915-2 X 837^2589 

17744 

1 d 

-2029 

0 - 44 - 91 5 - 2 X 837 - - 2633 

17706 

3 sh 

- 2667 

0 1001 -2 837=*-2675 

17646 

1 d‘ 

-2727 

0- 194- 3x8.37 ^2706 

17502 

2 msh 

-2781 

0-279-* 3x837 = 2790 

17541 

2 msh 

-2832 

0-44-279-- 3 X 837- 28.34 

17461 

1 msh 

-2912 

0-417-3x837 = 2928 

17357 

1 d 

-3016 


17184 

1 d 

-3189 


17143 

1 d 

-3230 


17055 

2 msh 

-3318 

0 + 30-4x837 3318 

17024 

5 sh 

-3.349 

0-4 X 8.37=3348 

16951 

3 sh 

-3422 

0-915-3x837=3426 

16851 

2 sh 

-.3522 

0-1001- 3X837 -.351 2 

10774 

1 msh 

-3599 

0-279-4x837- 3627 

16706 

1 msh 

-3667 

0-44-279- 4x837 .3671 

16583 

1 msh 

-3790 

0-417-4x837-3675 

16482 

1 d 

-3891 


16202 

2 sh 

-4171 

0-5x837-4185 

16134 

1 sh 

-4239 

0-915-4x837- 4263 

16326** 

1 vd 

-5047 

0-6x837 = 5022 


* Those bands are also obtained in a]).sor|)(ion. 

** These bauds are recorded at room tompenituro only. 

Those bands are obtained as emission bands in absoiption ox]>f*rimou1s. 

Uranyl chloride 

The first strong band in fluorescence is at 20521 cni-i which is also strong 
in absorption (value 20530 cm-'). Therefore, this band is chosen as the (0, 0) 
baud. The other bands could be interpreted on the basis of three fundamentals 
in the ground state 880 cm~’^ (symmetric atreching), 064 cm“* (asymmetric strech- 
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iiig) and 246 cm"^ (symmetric bending) and one fundamental in the upper state 
26 cm“^ (crystal lattice frequency) (Table V). It is seen that the 880 fundamental 
and its overtones are weaker in intensity than 964 fundamental and its combina- 
tions with 880 fundamental fig. 5, Plate V (A) which shows violation of selection 
rules due to the crystalline fields. 

Folassium uranyl sulphite 

The first strong band at 20373 cm“^ is chosen as the (0, 0) band for reasons 
similar to those in acetate. Most of the other bands could be explained on the 
basis of fiv(^ fundamentals in the ground state 837 cm*"^ (symmetric streching), 
915 cm“^ (asymmetric streching), 194 and 279 (*-m"^ (symmetric bending) and 
44 (;m^^ (crystal latti(;e frequency) and two fundamentals in the upper state 
662 (;m'^ (symmetric^ streching) and 30(;m*^ (crystal lattice frequency) (Table 
(VI). Among the two fundamentals belonging to the bending vibration, 194 cm~i 
corresj)ojuls to the iu-planc bending fre<jueucy and 279 cm~^ (jorresponds to 
the out-of-plane bending frequency of the uranyl ion. These two frequencies 
arise due If) the removal of degeneracy in the linear 0 -U— 0 ion which becomes 
slightly bent in the crystalline fields. The out-of-plane bending fundamental 
is stronger than the in-planc bending fundamental. As in sulphate, in the case 
of potassium uranyl sulphate also, the bands analysed as 0— 279 -nx837 appear 
with moderately strong intensity which shows the importance of the bending 
frequency. This may be taken as an indication thfit the uranyl ion is slightly 
more bent than in acetate, nitrate, etc. Sevchenko and Stepanov (1949) who 
studied the infra rod absorption of this substance have come to the conclusion 
that the ion is slightly bent as some bands forbidden for a linear model of the 
uranyl ion are present in the spectrum. 

Three possible fundamentals 417, 597, and 1001 cm“^ of the sulphate ion 
have been used in the analysis to explain some of the weak bands. These fre- 
quemy values agree well with the Raman values given for the sulphate ion in 
sulphuric acid (Hibben, 1939). 

Ammonium uranyl sulphate 

The first strong band at 20348 cm“^ has been chosen as the (0, 0) band for 
the same reasons as in acetate etc. About 45 bands have been analysed on the 
basis of the five fundamentals in the ground state 848 cm~^ (symmetric streching), 
926 (asymmetric streching), 207 cm“^ (in-plane bending) frequency, 273 cm~^ 
(out-of-plane bonding frequency) and 29 cm”^ (crystal lattice frequency) and two 
fundamentals in the upper state 697 and 24 cm~i (Table VII). As in the case of 
potassium uranyl sulphate, the two frequencies 207 and 273 cra“^ arise due to the 
removal of degeneracy in the linear O-U-0 ion, which becomes slightly bent in 
the crystal line fields. Three possible fundamentals 473, 626, and 1195 
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TABLE Vn 

Fluorescence bands of aininouiuin urauyl sulphate 


Wave- 


Shift 


numbor 

lutoii- 

from 


of tliO 

sity 

(0.0) 

Assigiimont 

band 


band 


cm“i 


cm 1 


(1) 


(3) 

(4) 

21045* 

1 vd 

-] 697 

0 + 697 =-697 

20410’^* 

1 d 

62 

0 + 2x24-= 48 

20372 

3 d 

+ 24 

0 + 24-24 

20348** 

7 sh 


(0,0) 

20319 

4 d 

— 29 

0 — 29 29 

20248 

4 d 

- 100 


20171 

1 <l 

— 177 

0 + 24 207=183 

20141 

2 insh 

- 207 

0 — 207 - 207 

20076 

3 sU 

— 273 

0 — 273 — 273 

10996 

1 msh 

— 353 


10931 

1 m«h 

417 

0— 2 X 207 = 414 

1 9875 

2 Bh 

- 473 

0 — 473 473 

J 9722 

1 nil 

-- 626 

0- 

1 9095 

1 d 

— ()53 

0- 29 62r»— 656 

195C3 

2 d 

— 785 

0 ■( 2x 24- 484= KOO 

19529 

4 d 

- 819 

0-j. 24 -848 = 824 

19500*** 

10 Bh 

^ 848 

O^ 848 - 848 

19422*** 

8 bIi 

- 926 

0- 926 926 

1931 1 

4 d 

— 1037 

0 - 207 -848 =-1055 

1 9225 

4 <1 

— 1123 

0 ..278— 848=1 121 

19153 

2 msh 

~ 1 1 95 

0—1195- 1195 

1 9092 

1 insli 

— 1 256 

O 2v 207—848- 1262 

19031 

3 Hh 

- 1317 

0 — 473 848= 1321 

1 8967 

1 nriHh 

— 1381 


18878 

2 Bh 

— 1470 

0-626- 848=1474 

18718 

1 d 

— 1 630 

0 1-2x24 --848— 1648 

18687 

2 d 

— 1661 

0 } 24 2X 848 1672 

18666*** 

1 0 sh 

— 1 682 

0— 2x 848 - 1696 

18583*** 

8 Bh 

— 1 765 

<»— 926 848 1774 

18468 

4 d 

— 1880 

0 - 207 — 2 x 848 1903 

18378 

4 d 

— 1970 

0 -273 — 2x848—1969 

1 8307 

1 d 

— 2041 

0 1195 — 848=2043 

18187 

2 sh 

— 2162 

0- 473-2x848 = 2169 

18120 

1 msh 

— 2228 


18036 

2 sh 

— 2312 

0—620— 2 X 848 = 2322 

1 7842 

1 d 

- 2506 


17830 

8 sh 

— 2518 

0 -3x848=2544 

17760 

6 sli 

— 2698 

0 — 926—2 X 848=2622 

1 7642 

3 d 

— 2706 

0—207- 3 X 848 = 2751 

17637 

3 d 

— 2811 

0-273-3x848 = 2817 

17566 

2 msh 

— 2891 

0—1195 — 2 X 848 = 2891 

17378 

1 msh 

— 2970 

0—2 X 207 — 3 X 848 = 2968 

17361 

1 d 

— 2987 

0 — 473-^- 3 X 848 = 3017 

17192 

1 d 

-3166 

q_720-3x 848 = 3170 
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TABLE VII (contd.) 


Wave- 


Shift 


number 

Inton- 

from 


the 

sity 

(0,0) 

Assignment 

band 

band 


cm 1 


cm A 


(1) 


(3) 

(4) 


16959 

6 sh 

-3389 

16878 

4 fih 

3470 

16791 

2 sh 

-3557 

16686 

1 msh 

-3662 

16147 

2 sli 

-4201 

1 6073 

2 sh 

-4275 

16016 

1 d 

-4332 


0-4x848 = 3392 
0- !»20-3x 848 = 3470 
0-207-4x848 = 3599 
0-273-4x848=3655 

0-6x848 = 4240 
0- 926-4x848 = 4318 


* This band is rocord^id at room tomperaturo only. 

** Those bands are obtained in absorption also. 

*** These bands are obtained as emission bands in atisorption experiments. 

of tlie sulphate ion arc also ideiiiified and used in the analysis to explain some 
weak bands in between the grouj)s. These frequency values arc found to agree 
well with the Raman values given for the sulphate ion in sulphuric^ acid (Hibben, 
1939). 
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ABSTRACT. A general treatment of the calculation of the ])onotration probabilily 
of alpha-particles through a potential barrier of Wootls-Saxon diffuse ty|>e nuclear potential 
along with the Coulomb potential has been given according to the one-body model for arbitrary 
values of tho angular momentum of the omitted alpha-particles. In the region where 
practically only the Coulomb potential is present tho rigorous solution of Schrodinger equa- 
tion has been taken from that of Abramowitz. Near the nuclear boundary where both tho 
potentials opf3rato, tho Schrodinger ecpiation has boon solved by an ingenious method duo to 
Laiu’zos. 


INTRODUCTION 

Uptil now, the calculation of the penetration factor in aljJia-decay has 
mostly been based on the WKB method. But it does not seem justified to put 
much reliance on the results derived by this method without proper investigation 
specially when the validity of that method has been doubted at times (Blatt and 
Weisskopf, 1954). So this problem has been tried by a method due to Lanezos 
(1938). In doing so, the oiio-body model was followed and lor the nuclear 
potential use was made of tho Woods-Saxou diffuse potential which drops ex- 
ponentially beyond the nuclear surface, besides that the Coulomb potential is 
present throughout the region. Tn the region whore the Coulomb field predomi- 
nates the Schrodinger equation has been solved by the Riccati-I method a,B 
treated by Abramowitz (1949) (c.f. Froberg, 1955). The Sehriidinger equation 
in the neighbourhood of the nuclear boundary has been solved by the method of 

Lanezos (1938). ^ ^ , 

In a previous publication by Dutte, Mitra and Sil (1960), hereafter referred 
to as I, a calculation of the penetration factor in the process of alpha-dccay 
following one body model has been given for the case of I 0, where the 
potential field was the same as in this case. In I, for the sake of simplification the 
Coulomb potential was taken to be constant near the nuclear surface. In the 
present paper that simplification has been dispensed with and the equation ta os 
into account any arbitrary values of 1. Consequently the method of solution for 
this general case has been different from that of I. 
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Tn the method given in I, the differential equation was equated instead of 
to zero, to an error term proportional to the Tshebysheff ’s polynomial of a given 
order. As a result a finite power series solution was obtained, the coefficients of 
which were easily calculated with the help of a set of recursion relations. In that 
case the error term vanished at the zero points of the Tshobysheff ’s polynomial 
and tho error involved in the solution was at the most 1 in 10*. 

In the present case, the differential equation contains the Woods-Saxon 

exponential tenn, the Coulomb -L term and the centrifugal term and the 

method of solution, though different from that in I, has also been given by 
Lanezos (1938). The approximate solution of such a general differential equa- 
tion whicli (jan Jiot be equated to any polynomial, is obtained in the form of a 
finite power series solution. The coefficients of the power series are evaluated by 
demanding the vanishing of the differential equation at the zero points of the 
Tshebyshoff’s polynomial and thus by solving a set of simultaneous linear equa- 
tions. 

The method given hero is a generalisation of the method given in I, to in- 
clude the eases of differential equation with non-rational coefficients; for the dif- 
ferential equation with rational coefficients this method yi(‘lds exactly the same 
eoofficionts obtained by the method given in I. 

The penetration factor has been calculated from the value of the wave 
furKdion at the point near the nuclear boundary whciH> the potential energy is 
equal to the kinetic energy of the emitted alpha-particle. 

On comparing our results with those obtained by the WKB method it appears 
that both the sets agree well with each other. 


MATHEMATICAL FORMULATION 


The equation for u, which is r times the wave fumdion of the radial part 
of the Schrddinger equation can be written as 


dhi , 2m 
dr^ 


E—U(r)—V{r)^ u — 0, 


( 1 ) 


where 


and 


U(r) 

V{r) 


r 2m ' 


-Vo 

l+e<''-«Va‘ 


For convenience of calculation, wo neglect F(r) beyond the point where the 
nuclear potential drops to 



A General Treatment of Penetration Factor, etc. 


301 


To solve Eq, (1) the space is divided into two regions rg < r < and 
r > rg being the point where the potential energy is equal to the kinetic energy 
of the emitted a-particle. In the latter region only the Coulomb potential is of 
any value. 

To solve Eq. (1) in the region ^ r ^ liq. (1) is rewritten by changing 
the independent variable to a; = r/a, as follows : 



d'^u I 

dx'^ ^ L l-f /fe® 

-f{x)-K^ ] M -- 0, 

... (2) 

where 

12 - y o _ 

{U{ax,)-E} 


and 

/<>■)“ 

[U(ax) - lj{axi)\. 



U{ax) and U(ax^) being the values of U(r) and respectively on changing 

the independent variable. 

Lot us suppose the solution to be of the form, 






Thus the Eq. (2) becomes 

... p.) 

2 ' 1 ’ // 

Again, substituting z — e and putting ' /(.r) 0(2), the Eq. (3) becomes 

z 

• z(2+/?) H- (H/?)(l.+2A') ^ 0 ... (4) 

For later calculations the independent variable occurring as the argument 
of the Tshebysheff’s polynomial has to be normalised such that it varies from 
zero to one; so we make the transformation 


z—z 

22 - 2 ] 


Thus we get from Eq. (4) 


{p+li)(p+v) +^(P+'^) +{^^~-XiP)WT ^ ••• i^) 
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where 



3 = l±2k, x(P) = m- 


For F, a certain polynomial of n th order in ^ has been assumed which satisfy 
the above differential equation at the zeros of the Tshebysheff ’s polynomial of 
order n. 


Let F where ™ 1. 

»=-0 

and Pj,jP 2 > ^re the roots of the equation 

Tn(F) = 0, 


whore Tn('p) is the Tshebysheff’s polynomial of order n. Then on substitution 

n 

of the polynomial H aip^ for F in the Eq. (5) we have a set of n simulta- 
neons equations : 

which may be written after rearrangement as 


«i/i(Pi)+«2/a(Pi)+a3/3(Pi)+..-+ai./n{?),) = 

frU and g are known functions of p and are given by 

and 9'(Pi) A;(^i)}. 

This set of n simultaneous linear equations can be written as 



/21 

/22 


/31 

/32 


• • • /«! 
••• /n2 



91 

92 


\ 


fm / 2 » /an ••• fnn j 


\ 


\ 


gn 


/ 


where /,* = f}(pt) and gr* = g(p^). 

Prom the above the values of the coefficients of the power series are determined. 
Therefore the solution of the differential equation is known except for an arbitrary 
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constant multiplier, Tho two values of d ^ive two solutions ^^(p) and (/>) 
corresponding to negative and positive value of S. Therefore, the solution near 
the surface of the nucleus (r^ < r < rj) is 


u = Ae.-'^ F_('P)~\ Be+K^ 


... (7) 


Now, in the region (r > r,) only Coulomb potential is effective and th(( 
Schrddinger equation takes the form 


if 1 _2//_Z(;-l-l) 
dp^^X p 



... ( 8 ) 


whore 


(ImE 






2m 2(Z-2)c2 

‘ a 


The Eq. (8) has two solutions : Fi(}j, p) regular at the origin and Gj{rj, p) 
irrc^gular at the origin, and are defincHl hy theii* asyin]>t()tie behaviour : 


when p->co. 

whore 0i — p — 7] log 2p— -“/r+o*; and — arg r(u/-(-/-|-l). 


The boundary condition that at infinity th(^ alpha-particle should behaves 
as a free out-going ])arti(*-le is satisfied by the linear coinbijiatiou 6pf which 
rt'presoiits a pure out-going wave. 

When I is an integer, i^/,i(or Gi+i) can be computed with the help of a set of 
reemrrenee relations given by Powell (1947) proviiled Fi(nr (ri) and its first deri- 
vative F'l (or Gi) are known. If ?// sf-ands for either Fi{)j, p) or Gi{i}, p) the recur- 
rence relations satisfied by it are : 

(i-l-i) '1* + n ] yi -^+1)“ I tVvuv - (») 

i[(i+i)'‘-\-v^]^m+i ^ (2M 1) [ (i«) 

I = (i^+v^)^yi-i- ( ^"^+v)yi^ 

If the values of F^ior G^;) and F'^ior G'^) are known by the a])}>lication of Fai (0) 
J^i(or G^) can be (computed and subsequently by the ap])licati(>n of Eq. (10) the 
values of Fi (or Oi) for higher values of I can be obtained. The values of t i 
(or G'l) arc comimted with the help of Eep (11). 

Now Fq and Oq have differenf^ representations in the different ranges defined 
by the values of p and tj. In the range where p < 2?/, which is the case here, 
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the ropresontations ()f F„ and (1„ arc given by Abraraowitr., based on Hiccati’s 
method as rpioted by C. G. Frobej-g (195r)). 


F. 


V') (} _ ’/) ^ where t = 

‘In 


<l>(^ »/) = !7, |-{2v)-’f/J-(2^)-2!73+... 

=r -2(/g„+(/,-{2i/)-V/3+(^V)-®!73— • 


where f/o, <7], f/o ^iveii fiiiietious of 

The values of th(' eonstanis A and B in Eq. (7) are found with the help of 
the ooniimiity eojulitioii of u and dtijdr at Ihe point r — rj. The values of F/ 
and dFijd/r an^ foujul io Ix^ negligible in eoniparison with that of Gi and dGildr at 
(hat point. Next, tln^ value of ii a(. r — is ealcuilatod from the Eq. (7), 
from which the penetration facd.or is detcTUiiued by following the definition of 
Blatt and Weisskoj)f (1954), 

P ^ 

1 «(»-2) I “ ■ 

^(r.^) is given f>y the following expression : 


n{r.^) (1 ) 1 1^,(1) 


since at r — p — L. 

We may write the disintc^gratioii constant as 


A - N,P, 

whore N is the number of limes tlie a-particle hits Ihe barrier wall. If the 
a-})article moves with a voloeity v witliin the crater of the nucleus of radius It, 
tluiu xV vj^R, We determine v from the condition that the motion of the 
a-i>arti(*le within the nuelcuis of radius R is such that the associated waves form 
nodes at r ~ R, 

If ;q, is the (/c+l) th root (kR ^ 0, being the first root) of the equation 

Ji,,ikR) ^ 0 , 


then 


N -- 


h 

4:mR^ 


JT 


Now the half-life can be calculated from the expression 

T == — 


where 
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K K S XT L T8 

The numerical calciilatioiLS have been done for the following elements, for 
different values of Z, to show i*he applicability of the method. The values of 
parameters are the sauK’s as used by Tgo and Thaler (1957). 

Jl ^ 1.35.4^^^-!- 1.3 fermi, a — 0.5 fermi, Fq — 45Mev. 

In our calculation we have taken n ^ 4: and Ic ^ I, Kesults are shown in 
Table 1. 

Tlui values of lialf-life as (calculated here are lower than the experimental 
values of the same for th(^ (^as(^ / 0 only, whereas for I ^ 2, 3, or 4 they are all 

greattn* than tlie experimental values. The values of the penetration factor 
(alculated ])y the method giveji here appear to be cc^nsistontly lower than that 
calculated l)y the WKB method for all values of /. Tiie values of P by WKB 
method and the experimental value of half-life and that- of E are taken from the 
table giveji by Kassmussen (1959) in his paper on the penetration probability 
of alpha-part it;les. 

it may be worth while to compare the results for the case Z — 0 as obtained 
here with that of the previous method where th(‘ Coulomb potential near the nu- 
clear boundary was takeii to be of constant value. In our ])resent case, as ex- 
pected, the value of P is slightly lower than that obtained by th(‘ ])revious 
method. The differences in the figures given in Table II indicate the measure 
of efTor involved in the approximation about the Coulomb potential in the 
previous im'thod. 

In the paper 1, due te soim'- numerical slij) in the value of a ])arameter, the 
penetration factor of ^^^Pog^ for / — 0 was found to be .059 X 10“’® w hich should, 
instead, be 1.3373x10"^®. 
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ABSTRACT. Poak and iniop;rated intonBitias of Ni TT positivo bands boon 

measured. Tho poak values have been oorroctod acoordiopf to the i^rocodure of Fbiyd and 
King, Tho daia have been obtained with a vi^w to assesK tho reliability of poak intensity 
measuroTnonts and also tho (?orroetion duo to Floyd and King. 

Tntoiisity of a band to be accurate has to be obtained liy siiinniinp; over t he 
intensities of the rotational lines that forni the band. Phillips (11157) tried 
to use this principle for the (Swan) system excited in a furnace of 
known tempertiture. Since the lines were badly blended he eahmlated l)an(l 
profiles liy combining the jiroliles of individual rotatitiual lines. He concludes 
that, the rc'siilis so obtained may l)e quite uiURwiain for weak bands. However, 
a rigorous ap])li(%ation of the method is too laborious and many times it is not 
praeticable or even possilde. So simpler, but ridiable, methods of estimating 
intensity are to be thought of. The method — known as integrated intensity 
method — of measuring intensities with a low dispersion sjx'ctrogra])!! by inte- 
grating over the entire intensity contour of the bands is the one whi(^h gives 
intensity values nearest to tho true intensity of a band. The requirements for the 
results to be n^liablo are (i) the band strueture should not be n'solved and (ii) 
there should be no overlapping from tho neighbouring bands. The first, requirement 
can be easily met by a projier (choice of the sjieetrograpli, but the se(‘ond require- 
ment is too rarely satisfied, because iu almost, all actual band systimis there is 
an over]a])ping from neighbouring bauds. When the overlaj)f)ing is })resent, th(i 
band profiles are judiciously ext rapolated and the effect of overlapping separatcid. 
But such a procedures is purely subjective and the results might be ia great error 
for weaker bands overlapped by strong bands. 

In case of overlapping, the intensity at the head of the band may Ixs taken 
to represent band intensity (peak intensity method) or a known fraction of band 
intensity near head may be used to derive band intensity (fractional band inten- 
sity method, Robinson and Nicholls, 1958). 

Ornstein and Brinkman (1931) were the earliest to use the peak intensity of 
CN bands to represent band intensity and concluded that the rotational energy 
distribution varies from band to band and heruie the method is not valid. TavTle 
and Patankar (1943) have shown for Ng second positive system that the ratio of 
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t}u‘ band liead iniensity to integrator! intensity is not a constant, while Young 
(n>54) has shown (^xperinicntally for the same system that the mean deviation 
for tJiis ratio is only 6.2%. 

Floyd and King (11)5/)) have drweloped a method of obtaining total band 
intensity from the band head intcjisily, by assigTiing a representative rotational 
quantum Jiumhe!* for the baud head (J/,) and also taking into ae(;ount the number 
of lines forming the head (AJ). Tliis method finds immediate application to 
singlet, systems or for thos<‘ systems a\ hieh can be aj)X)roximated to singlet sys- 
tems. A diffir ulty in ap])lying thc^ method is that the temperature of the source 
(emitting the ])and syst(^m) which enters into the equation is, in general, not 
prerusely kmmui. For nninv sources true tem])eratures are not easily available 
or estimabh'. So the method might not find rigorous application to all the band 
systems. IJowevm*, a faii ly satisfaetory intensit\^ value may be o))tainod, if we 
can assunu' sonn* r(^asonabIe teriiperature or a])])roxiinato the term containing 
t(un])(M‘ature to a const anl. This can be done provided the rotational quantum 
nund)er at the band head has a small range of variation in the bands considered. 

Jtohinson and NichoIIs (H)5H) have develo])e(l a fractional baud intensity 
rmdhod wfiich correlates the sum of intensities of a i'o^v rotational lines at and 
U(‘ar the head with the ))an(l iiiteiisity. 1diis method also suffers from lack of 
knowledge of tcmiperature wliit'li has theridore to be assumed. 

A possil)le error in peak intensity and fracdional band intensity measurements 
is the eff(‘et of self-absorption on the iuteuvsity at the p(‘ak. This effect becomes 
a])])reciabl(^ when the intensity of the blende<l rotational lines reaehes a signi- 
ficant fraction of the iniensity of a black body at the same lempe^rature and 
wavelengt h. Tn that cas<' one will have to cojisider tht^ manner of blending of 
rotational lines at the band head. 

Robinson and Nic hoIIs (11)58) have developed a rotational lino intensity 
method, where the intensities of rotational lines arc* jilotted against the energy 
of upper levels of transition. The iiitereept on this gra])h can be used to obtain 
band intensity. Tlie method is satisfactory provided rotational thermodynamic 
equilibrium exists in the source. 

IntonsilicH of NO(//) and Og (TT negative) systems were measured by these 
methods by the above authors and the results were found to compare satisfac- 
torily with the integratefl intensity values. But it may be noted here that the 
integrated intensity values are subject to the error due to overlapping by the 
neighbouring bands. 

In order to judge the merits and demerits of any method for intensity 
measurements, it is necessary to possess integrated intensity values on bands 
which have no appreciable overlapping. So it was decided to measure the 
intensities of bands Ng (II positive) system with a view to ascertain the reliability 
of peak intensities and peak intonsitios corrected according to the method of Floyd 
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and King (1955). Tlie reason for selecting only these two is that such values are 
easily available and an evaluation of tlieir reliahilifv is naturally much useful. 
The bands (1— (>), (2 7), (3 8), (1 5), (2— G) and (3-7) have almost negligible 

overlapping from neighbouring baiuls and Ju-nee (1 k'.\- hav(^ been jiailieuiarly 
chosen for this study. 'Phe inleusities have been measured })ho(ograj»lueally 
u.sing an a.c. discharge through air as a source of N. (11 ])(»sitive) bands. The 
measuremeJtts have bceti re])oated with two sj)eet.rogri).|)hs to ascertain the effect 
of varying dispersion on the intensity measurcimnt.s and also as a general chock 
on the measurements. 


TAIILK 1 

Intensity measure m<‘nt.s - TT \\ (small (|uari, 7 , si)eetrograph) 
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T.\BLK 11 

Intensity measurements — HP. (medium quartz s])ectn»graph) 


/ J)ovii. 


Transi- 

tion 

Op 

*v 

*/ 

Ip 

I 

from 

m(tan 

f jyp 

I 

IVorn 

moan 

1-6 

20.43 

21 .39 

19.09 

J.07 

0.07 

I . 12 

0.09 

2-7 

23.27 

24.65 

22.53 

1.03 

0.03 

1.09 

0.05 

3-8 

21.16 

22.78 

21.89 

0.97 

0.03 

1 .04 

0.00 

1-5 

99.98 

98.14 

98.16 

1 .02 

0.02 

1.00 

0.04 

2-6 

100.00 

100.00 

100.00 

1.00 

0.00 

1 .00 

0.04 

3-7 

70.20 

71 .58 

74 83 

0 . 94 

0.06 

0.96 

0,08 





Moan 1 

Mtjau 1 .04 


Menn % (Jevii. : 5 Moftii % <levn. : 5 

* Ip Peak intensity, 

J, Integrated intensity, and 

^pci Poak intensity corrected according to Kloyd and King (see Appendix). 
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Tii(^ results are collected in Tables I and II. It is observed that the per- 
cciutatjjc mean deviation is not more than 7% in the case of uncorrected peaks and 
not more than 5% in the case of corrected peaks. Considering the fact that 
phot()gra]jhic photometry has errors of these magnitude, we feel that the peak 
values com])arc fairly well with integrated values; and corrected peak values, in 
g(Mieral, give a better comparison with iiitegrated values. In connection with 
corrected values, it may bo noted that the exponential term containing the 
rotational lt‘mf)CT’ature has betui aj)[)r<jximated to a constant. Ilowovor, if a 
tempeiatiire, say 30()'C, is assumed for the discharge, the change in value of 
intensit ies is ^2% and hcjiee the approximation of the term might be justified. 

APPENDIX 


oxp [ ] 

where the rotational quantum number at band head, is expressed as 

and AJ the number of lines forming band head is given by 


whore — wavelength at band head. 

The syrrdiols in the above have their usual meanfiig (Herzberg, lt)5()). 
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ON Tl IE SUPERHEAT OF LIQUIDS 

J). B. SINHA AM. A. K. .IALALri)l)|\ 

l)Er\in'siKNT (IK .\kpi,ii;i> l“insi('K. Vmvk.umtv 

{ficntrrtl Marrh II, I '.Mil) 

ABSTRACT, A lu^w nv'lliod (<>r in.'jisunu^^ nuixnnimi t('in]M'nUui('s t>rin^ui(ts 

has })0(Mi (lovisad. A th in. Availed deunsM^d i>yi'e>c jid.is^ hid)*, sel vd)r.Hj()]i free a,nd dii^jed 
lU liquid, was la‘at(‘d hy a e<>d imineised in ineMMiiA IiIIhil' lla- Inilh. 'I’liis lasdin^ siirlaee 
was eluisoii heeausi' li iiilrndue(‘d iiimiminn li^ti roweiieH y el llie 1 i(|ind-solid nderlaei^. The 
tiCiiiipeii a t lire of the li({iiid hulk was kepi close to the hodiiiij ]>oiul usihl’; a paiaflfiii (.il hafli. 
I h(' I (Mil] K*r a t urt' of Ilu‘ lieafe.r ,siirfac(‘ was ifi<‘reaH(‘d iii leL'uliM steps aiial, the t(*ni])(M’fi.t lire at 
W'hieh th<‘ hoiiudary hlni of the liqnid .*\plodei| wilh xi^onuis I'hiiHition was taken as the 
inaMrnuni su]M‘rlieal t(Mn])(M'a-t are of tlielH|uid K(‘-inlts olitauKMl with earhon ii't r.-n-hloride, 
ehlorojorin, aeidoiu', Immi/cik', inetlr\ I a,h ohol. earlxni ilisiilphide, diethyl imIum , /apeidaiK' and 
etliyl hi'OTuide haA(‘ hoen. eonipai ed witli IIk* \ allies ehfaineij hy Renriek, CilhiMt and W/siner 
(11)24) as wadi us with tliose d(‘dueed (loin \'an dei Waah. e< juat HMi. 'Flu* at;reeineut is fail. 

Thi‘ (Sid-up secMiis tn offer a ]»raetiea.l method for !-lu(Ump llie idfeel of x'aryiiijj: tlie 
nail urn of th(‘ interlaet* on tJjo siiperlu'at of Injuids. 

I xd’iio i) r i'T I ON 

Tilt* study of su])(‘rJipat of Ji(|uids is iinportaiil foi* iiivi'sf iLOitiiin tho tli(*o- 
ndieal basis of lionio^uuH'ous luicltMil ioii and also IVoiii tl)(‘ sta.iidjioiiif of d(‘fiuiii^^ 
Mio li(‘t(‘ro^OMU'il V ill a 1 \n o-])lias(‘ hcadiiiti, sysItMii. Th(‘ la-IttM* lias i*(‘e(‘iv(Ml a 
gi'uat iiii])i‘tus ill ropput \pars willi tlip iutrodiielioii of tli(‘ biibbh' cluunlxM* as a 
iiKMitis of (lidcctiiig eliaig^al ]iaif ieles. 

Many difbu'iMit niolliods liavc Ikmmi ustal lo iu\ t‘sf igale llu' nia.\inuin) d(‘grp(* 
of siippi’lKMit attaiiiablp in li(|Uids at at mospliene [inssiinL WisnuM* (7 fiL (Ib2l) 
adoptod tin* iindliod of sup(*rlie<i1ing liipiids in eapillarii^s, Ib’ings (IDoI, lOrifi) 
carried out Ids tests using a eeiitriluge, widle Harvty vl al. (MM7) used the 
pressure pulse mtdliod; in both tlii‘ latter eas(‘s tlu* litpiids tiMuhal to (*avita1e 
under negative pressure. The uork of Wakesldma and Takata (IbbS) in this fi(‘ld 
is more ri^eeiit. In their device dro])l(ds of litjuids \\(‘re introduced into a veitical 
column of an immisciblt* litjuid ])ossessing a stcjuly t(‘]np(‘ratur(‘ gradient in ordcM* 
to find at wliicli tem})erature-l(‘vel th(‘ liijuid drop exjiloded during its asccMit. 

Tli(‘.s<‘ inetliod.s have the coininon pur])os(‘ of reaciiing the tlnxiretical maxi- 
mum superheat tmnperatiire. They ai‘(‘ hardly a])])lieable to ('onstant How or 
steady transfer systems in which a thin layer in contact with tin* healer siuface 
becomes .strongly heated whil.st the bulk of tin* litudd remains at a t(*m})eratuj*(^ 
near the boiling point. 

:ui 


6 
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The principle of the j)rt‘sent work is ])ase(i on ii model of praetieal heat 
tra isfer systems, lien* a t liin-w ailed i)yr(‘X o:lass Indh tilled with nn'rcury is 
chosen as the heating surfaces The hidh is (h^^assed and dipped into the liquid 
to [)e studied. The inercury in the hnlh is hea1(‘d (‘h'ct rically })y a coil and the 
temperatun' of the licjiiid hulk is ke])t very close to its boiling point by regulating 
its temperaturt‘. with 1h(‘ hel]> of a jaclo tting paratlin oil bath. In the steady 
lie*at flow condition th(‘ t(‘iiq)crat ure of th<‘ stagmuit tllni of the li<|uid in contacd- 
with the outer surface of th<‘ glass bidb naturally attains a steady high value ; 
just beyoiul it th<‘ tem])(‘ratur*(‘ falls shar|»ly. As tlu^ heat iiqmt of the coil is 
increased in strqrs and suttici(‘nt time is allowed for the system to arapiire st,(»ady- 
stat(‘ for (‘ach stiq), tin' bouiidar-y li<juid tilrn bec'onnss incra'asiiigly siqrerheated 
in tin* successiv(‘ sti |>s until it ru]dnr(‘s with explosion, giving rise to vigorous 
(^bullition Irom innumerabh^ ceiiti'r^s on th(‘ bulb surface simultam'ously. The 
highest stt‘ady slat{‘ surface* temperatme* of the* bulb is ta.k(‘u to be the* maximum 
sufxM'heat t.(Mnj>er{it ur(‘ e)l‘th<‘ liejuid and this is (%al(*ulat(‘() from the stc'ady tem- 
[HU’ature* of the* rncucur’v att(‘r correcting for* the tem]>eratui‘e dr‘o]) across th(‘ glass 
wall of the bulb. 

Th(* results obtaimsl with differeait organic* licjuids ugree fairly well wdth 


Tfl'COUpfe 



Fig. I. (} IrtHB-bulb boater asaombly. 
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those of Wismcr et al. (1924) Hn.l als,, Ihe tlioeretical values ..aleulated from 
Temperley’s (1947) adaptation of tlm Van .I.t Waals (■(|nafioji. 

K X V K 1 M E X T A L A V I* A E A T U S 

The experimental set-np (dusisfs 01(1) glass hull) heahT assembly, (2) degas- 
sing flask, and (3) tke tem])(M-at un^ nMiulaiing bail). 

1. A S(dieniati(‘ diagiam of lh(‘ glass bulb 1u‘at('r asst'inbly is given in 
Fig. 1. A j)yrex brand glass tulx' of (bTri cm. bore and .‘^0 cm. in length was 
taken and a S])herieal bulb of 2.1 em. diameler with a fairly uniform wa"ll thick- 
ness oF O.Of) cm. was blown at^ one end. The bulb was tilled uith nuTeury. A 
glass insnialed niehrome wire (3:^ sug) healer coil was immers(‘d in th(‘ merenry. 
Jn jmsitioning the coil care was tak(‘n 1o ensuTv that it did jiot touch the inner 

surfa(‘e of the glass ludb. T}m‘ (deeti ieal inj)ut to the heating eoil w as tak<‘n 
f I oil) 220 volts T).('. mains and it was elos(*Iy rc^gulated and controlled by a bank 
oi rheostats so thal> the t(‘m])(Mat ur(‘ of th(‘ nnucuiy could b(‘ iiiereast^d v(*ry 
slowly. Tem])eratur(‘ of tin* nuTcnry was measured by a cop])er-constantan 
thernioconph*, contained in a thin-wall(‘d g|a.ss sluath, the 7*ef(*r<‘Jicc juncdion 
being at the ice f)oint. Tin* t hermocoipde was calibrated afttn* insertion iji th(^ 
glass bulb. The th(‘i*mo(*ou])le \’oltag(‘ was measincHl by a. Diessc'lliorst Potent io- 
m(‘t(‘r. 

2. The provisions for d(‘gassing th(‘ bulb is shown in Fig. 2. 



Ei^r. T^(‘jLfassiiip: nrraii^i'Tnf'ut . 

3. To prevent bulk Hnj)erhea1 iug .as well .as siibeooled boiling of the test 
liquid a temperature regulating deviee was necs.ssary. Aboul hall a litre of the 
test liquid was contained in a glass cylinder which was iininers(!d in a bath of 
j)araffin oil (Fig. 3). The temjjcratnre of the test liepud was kept within narrow 
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limits noar tho hoiliiiK ])(>iiit by ro<^ulatin^ I be tt'inporatiiro of the paraffin oil 
batli. M(*r(*iirv-iii‘^lass t liermonH'ters ^ratiuated to 0. T were used to iiidieatt 
temp(*i*at un‘. 



Vj X P V: 1 M K N T A L 1’ U O (’ E D V M E 

The li(‘atei’ bulb, a!iii(‘al(‘(l at lOP ov(‘i a ])eri<Kl of tS hours, wjis thoroiiij^lily 
wash(‘d with (‘oiie. sulplunie a<*i(l saluratcMl witli poia-ssiuin diehroiuah* and uas 
then riiised s<‘vera.l tinu's with wa.t(‘r. d'lu* bulb thus (•h‘a.ui‘d was iuliodueed into 
the degassing flask throu^li a rubber eork tittiiiir closcdy into its mouth. The 
fhisk was gradually (‘va-euated to a. ])ressure of about 10 •* mm. of m(‘i-eur\ , and 
the m(‘n*ury in the lu‘at(‘r bulb was simultaneously heated to 200' (\ Tin' process 
was eontinu(‘d for an hour ; tin* eomu'ctioii to the]>um[) was then clos(‘d and the 
test li(|uid w’a.s drawn into tin* flask while the bulb was still hot so that tin* bulb 
sinTace could lx* covered with a thin layer of the test li(|uid b(‘fore trajisferriug 
it to tin* t<*st bath. Ttn* flask was then brought (dose to the test bath and tin* 
ht‘at<*r assembly (juickly t laiistbri'CMl to it. 

The li(|uid in tin* test bath (aboiit 500 ml) was boiled off to tw’o-thirds of the 
initial volume. The ln*at(‘r was tln*u swit(*hed off and tin* samjde was alloAV(*d 
to reach (juiescence. After an interval of lb to 20 hours the heater w'as again 
switched oji and w as adjusted to a serit‘s of gradually asc(‘nding step valutas (sin;- 
eessive steps not differing by more than 2'T^). The teni])erature of the l)ulk 
licpiid was ke])t at the reference value, within a limit of 0.05'Tf, for each value of 
the heat input l)v suitably adjusting tin* bath tem])eratur(*. For any given heat 
input the heater bulb attained steady state within a minute. To ensure that 
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steady state .(‘adin^rs were taken, alx.ut r, minutes «er<. alln«ed to <-lapse at ea<.h 
step before measure.mmts were noted. Finally, a temperat mv ^^as reaehe.l sneh 
that a shfrlit increa.se in the lieat input made the li((ni(l film e.vplode with an aj.pre- 
eiable p..ppinK sound. Tt was noted that the loudness of tlie ,.,xplosi<,n ine.vased 
significantly with the degree of snj.erheat. The miclca.t„m •■eut.vs were innn- 
nierable and were found to be evcmly distributed on the bulb surface. AVithin a 
few seconds of exidosions the temperature of the mercurv in the bulb suddenly 
dropped through 20'-2.VO ami attained a stea.ly lo«er value aithin a mi.mte. 
Liquids with larger superheat values showed a larger teuqx'ratnre dro]( at this 
stage. During any set of e.xiieriment the liipiid (|i,| m,t iail in hwel by more than 
a eentinietre. The test bath beaker and the heatiu- as.sembly were held in massive 
stands re.sting on eompres.sed felt slabs to ke.-p them frei- from vibration. 1'he 
steady state temperature gradient from mercury to the liipiid bulk is shown 
ill Fig. 4-. 



Vig. 4. Drnj) of from iiu‘rniry 1o it'st )i(jiini. 

(A L rV\. A T I () M OF M A X 1 \1 V M S V V F F II F A V 
T F M P JO F A r F \{ F 

At tlie steady stiit(‘, assuiniiiir lha.( i.s t raiisf(‘ri ed across tlic stiigiiaiit. 

mercury film wholly l)\' conduction, 

C ... (I) 

Q ... ( 2 ) 

where ^ - bulk temperature of mercury, /toi - inner wall temfxu-ature of the 
glass ])ulb, toi, outer wall temjieraliire, of the glass bulb, — conduct ivdty 
of mercury, K ~ eonduetivily of laboratory pyn‘X glass, A — mean surface area 
of the glass bulb, h — mean wall thickn(?ss of the glass bulb, thickness of 
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1 hc stHsftiiiiil mciTiirv lilii), V - input a 1 any steady state. Adding Eqs. 
( 1 ) ^lu^l ( 2 ). \\v hav(^ 


— ^OJj - 


A \ A', ^ A / 


...( 3 ) 


But, * ' h aiul 


• K and 
/ / 


hjK. So Ec|. ( 3 ) mluces to 


( 4 ) 


Tlif valiK^ of /o). iii tlio hi^]u‘sl steady state is noted as the rnaxiinnm super- 
heat ten)p(U‘atur(‘ oi a li(]uid. 


1 { E S IT L 1' S 

More than twenty repeal tests were made with fresh samples for ea(‘li of 
niiK^ (liffercMit or^nini(‘ lifjiiids ((^arhon tetraehloride, ehloroforin, a(*etoue, benzene, 
metliyl alcohol, carbon <lisulj)hid(\ di-(‘thyl ether, a-pentane and (itbyl bromide) 
allowing diflbrcMit intervals of standing ladween runs in order to a(*hieve reproduei- 
l)ility of r(‘sults. H<‘])rodueibl(‘ values of th<‘ maximum su])erheat within the rantre 
of 5"C ' was attaiiUMl wIhmi th<' jjoih'd sampl(‘ was allowe^l to stand overnight and 
1 h(‘ ]i(‘at in]nit to the bull) increased slowly. Any siiddeJi duet nation of the 
mercury t<‘mperalure, even through d. 5 ' 0 ., or a slight vibration of the support 
of th(^ bulb assend)ly, was found suffieieut to initiak^ jiueleation at high licjuid 
su])(‘rh(‘at. 

The ma\imui!i superlu^at temperatures and the t;em])erature dn)ps (Eq. 4 ) 
are shown in Tabh* 1 , 


TABLE T 



Ib>ll IIILT 
]K)iri1 

Mt'rcniy 

tnix' 

Teni]M*ra- 

Mirc 

dro]> 

(|) 

Mtixirnnm 

KiJ|)<a'lM'at 

fiirr 

Bulk 
lompoia- 
1 urc' t)!’ 

( lu' 1 Kjind 

Su])or- 

hout. 

“C 

(^irboii 
td*f rn.chl<)ii<t4‘ 

7(5.7 

142 

7 

1 35 

70.0 

58 

Oliloroforni 

01 ,u 

101 

12 

140 

00.4 

88 

Acot one 

50 . 5 

ISS 

23 

105 

50.5 

108.5 

J^onzorio 

SO.l 

21 1 

20 

101 

80.5 

111 

Methyl alcohol 

oa.o 

LMl 

20 

182 

05.0 

118 

r»irl)on (lisiilpluMe 

40 . 

100 

0 

157 

48.0 

111 

T>i -ethyl otlu'r 

34.5 

177 

25 

152 

34.0 

117.5 

tePontaiU' 

30.1 

142 

10 

132 

35.2 

90 

Kthyl bromido 

38,4 

1 02 

13 

140 

38.0 

111 
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The values of A and b for the glass bulb used nvckj ni(‘asur(‘<l optically, d^lie 
conduction heat loss along the h(‘ater leads and the stem of tin* glass lieattT and 
the part of the I^K wattage not absorbed l)y the niereur\' luediuiu, added to- 
gether, amounts to about 0 % of t]u‘ total heat input and so the vrihi(‘ of (J 1ak(Mi 
was reduced by that amount. As regards tht‘ ^‘onducti^'il \ of glass, tlu‘ standard 
value for laboratory brajid of p}' rex, tvpe 47o/0:h) as (piotc'd by Jakob (0) (eor- 
recited for the mean temj>6n*ature) has been takmi. 

IMSCU SSI ON 

The possible sourct‘S of error in our calculation of su])cih(Mt mighi lic‘ in th<‘ 

(1) nu'asurement of the surface area of the glass bulb and its wall thickness and 

(2) (sstimation of the magnitude of the heat loss<‘s. It is (‘stimat(‘d, lunveviu*, 
that the error in supiTlu^at t(‘m])(Tature due to uuccM'taiut i(‘s in tlu‘se (juant.it i(‘s 
w'ould not exceed .‘I 'Ck at its maximum value. 

The general agreenuMit of t h(‘ experirmmtal valiu's of suptM lu'at in tin" prt‘S(‘nt. 
eas(5 vith thos(5 of Wisnun* vi al. ajid the gra])h lesultijig from the(u-etieal valut‘s 



Fig. 5. Maximum su]>crlu*at of I Kjuids— cnmiwinson ot »i‘sults of mitliors, (ind Wisincr 
ft ak, and dcMlucl iohh from V'nii d<*! XVaals (mjujji inn. 

himitiug t(‘m}HM-M,< iin? for cxisfonco ot a 1 j(|um 1 jihnsn Ht atmo.s|)}icrjc |)n‘SHurc 
Tc= Critical tomjxTal mo. 

7 ’ 

Straight lino ^ , doducod from Van doi W'oals (Kjiml kjti. 
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m 

IS given in Fig, Ti, Exact agreeineiil can not be expected since the Van der Waals 
e(|na(i(iii on whicli tht; theorelieal curvii is based is at best approximate only. 

The fairly high valiK's of snperlieat of the litpiids obtained by the present 
nietliod lend support to the eonleuliou that cavitation of the liijiiid lilni at the 
glass surface was initialed in the absence of gas nuclei at the interface. The diver- 
gence of lh(‘ niaxininin snjicrlieal tein])eratni'e.s of different liquids from the 
the theoretical curve s(‘ems to be due to tbeir relative deviations from Van der 
Waals (‘(piation. 


11 K M .Vlt K S 

1. Since the litpiid Ixnmdarv film is .sujierheated, the measurement of the 
snperlieat temperatures is not inllueneed in the jiresent method by tin' pre.seiice 
of chemically inert moles in it. 

2. Since cavitation takes place at tlie glas,s-li(piid interface, the method 
offers special advantage lor studying the elTeet of any variation of the nature of 
the interface on the siqierheat of Inpiids. 
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of the issue in which the tetter is to appear. Xo proof will be .^enf to the anfhor 
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magnetic: SUSCEPTIBILll'lES 


\\ K. CHOSH 

Di-I’t. ol At \ gni;tism, l.A.C.S. J \f> \\ it u, ( ' m < riT 
{Ii'eeirtd. Afni<h J7. lOd/} 

A coil (*ai‘rN intr aii <‘l(T*tri(‘ umiuut ]inss(‘ssus a ina.ij[iiul iu inoniuiil. If iiit-ro- 
cliicecl ill a lua^iiiAic* witli ils ihoiihhiI ]);ira.ll(‘l In lliu inu, it A\ill 

1)('ha,v<‘ as a inai'iicliu hody. So. in a ( ‘iirio-halaiiuu l\|a‘ sid-iip, if \\c plai'i^ tlir 
sai]i])l(' inside* tbu c'oil, th(‘ii 1»\ ad jiistiiiij: tiu uitn uiil, v\c ca,!! niaku I In* iiioinuiii oi 
tin* coil (‘(|uad a-iid opposite to llu* moin(‘id iiidiie(‘d in the sajiipli* a,nd I Ik* syst(‘in 
will cxpcriciicc no truinslalon forci*. 

Tlio vvorkiim loiimila can he sliown to la* 



wlierc 

y — niass-siisct‘[)t ibility of’ the sanifilc* 
p =3 (leiisity of the sample 
m ~ mass of tin* sanijili*. 

A'kj Ps rcs])C(di\ c \ a.lu(*s Idr a sland.inl sidislaiKT*. 

Ka volume siiscejitibility of air 
i zrr current necessary to halam*!* tin* forei* on tln‘ saitifik* 


ig =iz same with tin* standard substance 

— eurrent' uee(*ssary to balance tin* foria* on tin* coil aloru*. 

It is better to have a ealibratjon curve by A\orkin^ Avith a number ot 
(liffeient samples of know n susceptibiliti(*s. 


7 





Letters to the Editor 


Th(‘ advaiitiiues of the ni(*thod ovit ilio older inetliod are : 

(a) 7'ejno1(‘ coJilrol manual rotation of torskui head, Ihns redueinj;^ 

tli(‘ (‘ff(‘(‘1s of vibration, (‘to. 

(h) since the halancinu foi(“(' is a])])li(‘d directly on the sample itself, no 
torsion on tln^ suspc'Jisiou tibro is r(‘{piii‘ed ajid the system remains per- 
f(utly undisturbed. 

(c) cl(*ctri<‘ curifMils can lx* \ cry n.ccurat(‘ly im^asin'ed. 

(d) t}i(‘ l»alanc<‘ chain I xm* can racily bi‘ made vacuum-])roof .and can l )0 
kept dry. 

d’lio m(‘tlio(t tia-^ bc<‘n IicmI (‘X[)*M‘iiin‘iitall\ and tin* instrument- was found 
to work siitisfa('torily. Dv^lails will be piddislu'd lattn*. 

Mv thard\S are du(‘ to Prolessor A. l'>os(‘ foi* his kind iiiter(\st iji the w'ork. 


3 

IN FERMOLECULAR POTENTIALS OF H> AND D, 

1 . H. SIMVASTAVA and A. K. HAP PA* 

1ni)1\n Associ \tion fou Tiiro Ci i/re. \'^lo^ oi' Si him j-;, (*\L( i 
i trrd .Iprtl ll\ 

The ijn])ortanc(' of th(' (jua.ntum (‘ffeets for Ho and I)^ at low tein])t'rat ures 
makes tlu' (hd-c'rmimitioji of th(‘ir potential emu’^y functions vei’v int crest i no;. 
Further, it is bUtdy to show wlictluu* their ])otent ia.l t‘U(‘ro:y functions an* the sam(\ 
as it- should be for two isotop(‘s, provide(l th(‘ir non-S[)lu*rical nature may bo 
ne^l(H‘t(‘d. Although it is known that there should some difference in the 
intei*-moh‘culai* pot<*ntials of Ho and I).^ dm* to the difter(‘nee in tlnar 7.ero-})oint 
ener^i(*s. it w as so lone thought t hat this effect can be n(‘g haded (Mason and Pvioe, 
1054). Moreover tiu' earli(‘r experimental data wen* not a(‘curate enough to test 
t his conclusively. A"ery i-ecently Michels ct at, ( HHitW) have* d(‘termined the second 
aud third virial cot‘tiici(*Jits of H., aiul IL by using a precise method (Michels et al. 
lOhdb) utilising tiu'ir com])r<*ssibiIity data (Michels, et r//. 1059) between the tem- 
peratun* range from — 175'^'(- to 150''(k They have o})served that the force cons- 
tai\ts for H^ and T ).2 deti*nnim*d previously on the L- J (12 : 0) model cannot 
represent the virial data satisfactorily. Hence they have redetermined the force 

Presont A<l<lrcss : Mi'tcalt ('^honiical Liiborutory, Hrown Univorsity, Providouce, K.I., 
U.S.A. 
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c.nstaiits for H. and I), and have found Ikoin to difk-r fro,,, otlu>r l,y ,no,-e 

(han what can ho aacrihod to !,(> exporinu'iifal errors. They have also coiisideied 

1he Jion-sphcrical natiue of the i,ot,>,.tial euerfiy functions 1o n>p,<‘s,>nt th.' virial 

(lat-M. 

It was thorofoie coiisidorc'd d(*sirable to have a more detailed iiivi'sl ij^al ion 
ol the* iiitei moh'eulai pole*iitials ot Ho aiul Do to tt‘st \\li(*tli(*i' tlu* r(*sidts o])laiiied 
hy Mi(‘h(*ls ef aJ. (UmOa) aiv true for other potentials as well. We have* tlius 
fitted the se‘eoiul virial eo(‘ffieieut, H{T). data of IVl ii liels f>f nl. (ItXiOa) to the ex])- 
six model by takijxi!; into eonsideration the* quantum effects. The results ob- 
tain(*<i are shown in l^ilile J. In liable 11 the <‘X])erimeutal and tlu* calculated 
value's of B(7^) an* shown. For the sake of comparison tlu* values ca,l<‘ulat<*d 
on the exp-six model from the force constants determined hy Mason and Hice 
(Ibo-I), and thos(* calculated ]»y Michels rf al, (HmOji), are also showji. 

Ti may be seen from the 'Fables I and II that tlu* r(*sults obtainerl on the 
(*x])-six imuh'l contirm the liivlintr of Mich<‘ls ef al. (HMiOrr) tluit the for(*(‘ tiehls of 
11^ and I).^ are not exactly tlu* same. However, tlu* a^re(‘m(‘nt with the (*xperi- 
m(*nlal data cahndated on tlu* exp-six model from the foi(*t‘ (*onstants determiiu*d 
hy us is v(*i‘y ^o<k 1 ov<*r tlu* i*ntire t<‘m])eratu!‘(* ran^t* atul h(*nc(‘ further cojisid(*i‘a- 
tion of tlu* non-splu*ri(*al na,tur<* of the ])ot(‘ntials may Hot lx* ne(a‘ssarv. 

TABLR 1 


Fon-e paranu*ters for H^, and D.v on the ex])-six model 


Sub.st«n<'(^ 


bn'K(‘nt work 


Mason and Tt n r 

(lOrsl) 

a 

K 

tin A 

a t!h K 

1 

! 

1 

! 

1 


11. 0 

:1S.0L> 


11.0 37. H 

3., 337 

1^2 

14.0 

:i7 . 

:t . :t:{4 

Assumed to Im' tlif' sjiTiK' iis ihnso 


of H. 


Tt is to be noted that Michels cf aL (HlbOa) could not find aer(*ement in the 
whole temperature range with their fonx* constants on L — J (12 : 0) ])()t(*utial 
model, within the t*x])erimental accuracy. Thus it appears that the (*x})-six 
])otential model is an imj)rovemcNt, over the L- J (J2 : f>) model wliich has been 
aln^ady pointed out by Mason and Ilici* (lbr>4). 

Further work, by taking into consideration th(* third virial coefficient and the 
quantum correctiojis to tlu^ transport coefTicients, is in ])rogress. 

The authors are grateful to Prof. B. N, Srivastavaj 1). fee., P for his 
valuable discussions, 
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TABLE II 

Second virial coefficient for and Dj in cm® moIe~^ 

Hydrogen Douterium 




(Calculated 


Expt. 

Calculated 

Expt. 

Exp -6 

jin^sont 

work 

Ex])-6 

Mason 

&Ri<c 

/.-./( 12-6) 
Michel 
et (d. 

Exp.6 

jiro.sent 

work 

L-J(12.6) 
Michel 
et (iL 

98 

-3.14 


-3.16 

-3.06 

--4.48 

-4.35 

-4.59 

103 

- 1 .69 


1.76 

-1.69 

-2.93 

QC 

1 

- 3.03 

113 

-i 0.62 


0.68 

0.67 

- 0.38 

-0.30 

-0.38 

123 

2.79 

3.34 

2.71 

2.63 

1.78 

1.78 

1.79 

138 

5.18 


5.10 

5.01 

4.38 

4.29 

4.38 

163 

7.05 


6.95 

6.89 

6.26 

6.19 

6. 36 

173 

9.01 

9.27 

8.82 

8.84 

8.25 

8.20 

8.37 

198 

10,66 


10.60 

10.65 

10.22 

10.07 

10.20 

223 

12.06 

12.24 

11.93 

11.98 

11.52 

11.45 

1 1 .53 

248 

12.99 


12.95 

12.97 

12.54 

12.51 

12.53 

273 

13.73 

13.93 

13.75 

13.76 

13.31 

13.34 

13.30 

298 

14.36 

14.51 

14.40 

14.38 

13.98 

14.00 

13.90 

323 

14.86 

14.97 

14.92 

14.87 

14.46 

14.53 

14.38 

348 

15.22 

15.34 

15.34 

15.27 

14.87 

14.97 

14.76 

373 

15.59 

15.63 

15.69 

15.60 

15.27 

15.33 

15.07 

398 

15.86 

15.88 

15.97 

15.86 

15.41 

15.63 

15.33 

423 

16.05 

16.07 

16.21 

16.08 

15.62 

15.87 

15.54 
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BOOK REVIEW 


INTRODUCTION TO PHYSICAL CHEMISTRY, VOL. III. by S. N. Mukherjee 

Art Union, Calcutta. 832 pages, ix. 1960( 0 Price Rs. 25/-, 

The third volume of Introduction to Physical (^lemistry by Prof. S. N. 
Mukherjee, is intended for the post-graduate students of Indian universities. 
It is an advanced treatise divided into eleven chapters dealing with kinetic tlieory 
of gases, chemical thermodynamics, quantum theory and (puintum mechanics, 
statistical mechanics and structure of molecules. In a book like this when^ a 
variety of topics has to be treated it is probably not easy to maintain a balaiu'c 
in the matter of emphasis given to one to])i(! or th(‘ other. However, this volume 
is to be read along with its companion vohnnes, partieularly volume 1 1. Together 
with the preparatory (diaptcr on electromagnetism moie than two-fifths of the 
book are devoted to quantum Iheory and quanlum nn^chanies. Hut the s(M*1ion 
on the theory of electrolytes has been very meagrely tr(iat(*d without reference to 
its recent developments. The same remark a])])]ies to the theory of reaedion 
rates. It is gratifying that most of the topi(ts have Ix'cu ])r(*scnted clearly without- 
sacrificing rigour and accuracy. The author's long exi)erien(‘e as a teacher of 
physical chemistry has naturally helj)ed him to keep the co]iceptual difliculties of 
students in mind. 

The book is not, however, free from drawbacks. Sonn^ of t hem the r(*viewer 
would like to point out here hoping that they may be given consideration while 
pre])aring a future edition of it. 

The chapters on electromagnetism and on relativistic mechanics, particularly 
the foriner, could be reduced in size to the necessary minimum. Quite a number 
of topics in the chapters on chemical thermodynamics, structure of* molecules, 
and even hi the most exhaustively treated chapters on quantum th(‘ory ajid 
quantum mechanics have been dealt with too briefly. The author has given on 
several ocijasions alternative derivations of certain formulae. 8ome of them are 
no doubt instructive but become too discursive in an advanced treatise like this. 
What the author could have done was to prepare suitable prolihuns at the end 
of each (diapter based on theses alternative! dedui!tk)ns. In fact, this is a valid 
complaint of the reviewer that the author has not thought it necessary to incor- 
porate a large number of problems including numerical ones as he di<l in earlier 
volumes of this treatise. In this way some portions of the book could go in the 
form of problems thus reducing its bulk to a reasonable size. Again in some 
of the deductions the number of steps written (*ould easily be curtailed. Similar 
types of deductions have also been unnecessarily repeated. Portions of the book 
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(Idulinf' with mathematical operations proper, viz., algebra of operators, poly- 
nomials, etc., could have gone as appendices. 

As written, th(! book has emphasised more fully on the theoretical aspects, 
derivation of equations, etc., but the experimental side could have been developed 
a little further. 

A number f)f authors have been mentioned by name and their work has also 
been described, but there is hardly any refereiU'C', except in a few cases, to books 
or journals wher e! the work referred to may be read in greater detail and in original. 

Printing mistakes abound but except in a few instances none of them are 
particularly harmful. 

Although the numluir of linos written in connection with the drawbacks 
have ('xceeded those written in its appreciation the reviewer must admit that he 
has onjoyrid reading some of the chapters, and it is hoped that the teachers and 
students alike will find the book useful to them. 


S. K. M. 
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MICROWAVE ANALOGUE FOR X-RAY DIFFRACTION 
PART II. SIZE OF THE SCATTERERS 

(}. S. SAN\'y\L AND C. B. MlTliA 

1 N 1)1 \N I N.ST1TI TK UF TKCllNOl.Od^ , l\ II AK Mll'T l( 

(Hrrcircd Marrh 8, MXi I ) 

ABSXRAG r. 1 x'rti'inl ion w'itli tlu* u/imutiuii an^Ir o| scjitU'rm^ oi u<l(* ol 

<^lociromHgU(3tic wavos scattoml \}y coiKlucini.u: s|»h«r('.s o( sizt's (n) comiminhN' and (1)) 

1)1() with TOS]HM*t to Iho WHve.l(MiLdh luis Immmi studied. A \v()rka])la thoorotu-al (•\])n»KKicai 
Jmis boon obtaiiiod and ovabiatod by <‘anying (ail minnTical f'orn]Hilat ions thoorotical 

(‘XjiroKsions to bo coininitod contain hijrli ordiM- flankcl iuiud kjus, Lc^a-ndrc ])olynoniials 
and thoir dorival ivcH nurruM'ical \ allies <d wliicli arc n«>1 giMai in oi-dinaidy a\ada,bl(‘ 1abk‘s. 
'I’h(*a(3 vahicH have been calculated and used in the TiunuM ical consultations. ’^I’lie resultant 
curve's show tlmt the condinding s]»fiere witli 2 'TTu/A- 2, wlu'ri' V/’ is the radius of the .s^ihori- 
and A the wavelength ot the o.in. waves is tin* nearest a.p|a‘o\irna.t ion to si'vi'ral atojns as 
1‘ar as seattenng b(dia\ iour towards X-rays is i*oncerncd. 

I. INTKODIMrriOX 

Jlecontly. Allen (1055) and Mitra and Sanyal hav(‘ studied the seat- 

t(‘riiic; of eleetronia^netie waves in tin* niierowtive region by threat* dinnuisional 
arrays of inetallie stiatt.iuvrs. W}iih‘ Allen (lilori) v\i)rk(‘d with imdallii* discs as 
seat t(n*ens, Mitra ami Sanyal (liH)()) used small eyiinders for th(‘ jmrpostL Such 
seatterers, howiwnu', can liardly In* used to build a trm* analogui* m 1h(‘ niici‘owTiv(‘ 
region for the diffraetion of X-rays by crystals, ddii* scatt(*rers which an* meant 
t.o simulate the atotns in the crystal lattices Jack the s])h(*rical or m^ai* spherical 
svinnietry possessed by atoms. Moreovtu*, tin* variation of am])lit)U<h* of ehu*- 
trojnagiietie waves scattered by thest* seatterers with the a/irnuthal angh*- of 
scattering should bo similar to tin* atomic scattering (actor graphs to mak(^ the 
analogue serve any useful puijiose. It appears obvious that a solid s[)here of 
ditdeetrh; or conducting material and ol a pro|K*r siz(* sliould serve tin* ]>ur])o.se, 
more or less, adequately. Hence, it lias be(*n decided to inv(*stigate th(‘oreti(.*ally 
the scattering jiatterns of conducting splieres to ilnd out the pro])er si/c whosij 
scattering pattern will approximate to the atomic scatte,ring factor graphs. Sinci^ 
ionic radii of atoms are of the order of X-ray wavelengths, it has becui intuit ively 
felt that the proper size of the diffracting spluu’e w'ould ]jrobably lx* eomparahle 
to the 'wavelength used. The ease of vanishing sjihen^size has also beeji st udied 
to investigate the effect of diminishing the spherc'-siziL 

Although the problem of diffraction of ehutti omagnetie. waves by spherivs and 
spheroids has been studied by various authors [Mie, (UMKS), Blumer (1925, 192ba, 

525 
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19261) arid 1926c?)] investigations of the type envisaged by us have not been 
carried out so far. Henc?e it has been decided to plot the graphs of the ampli- 
tude of microwaves scattered by spheres against the azimuthal angle of scattering 
for conducting spheres of sizes given by p = 6, /9 — 2 and p->0 where p — 27ra/A, 
"a being the radius of the sphere and A the wavelength used. Only conducting 
spheres have becji considered to render the already formidable numerical 
computations somewhat less complicated. 

11. 'J' H E O K K T J C A L (! () N S J D E li A T 1 O N S 

Let a plajie electromagnetic wave, propagating in frec-space along the s-axis 
and polarised linearly along the .r-axis, be incident on a perfectly conducting 
sphere of radius Vc’ located at the origin of a spherical co-ordinate system r, 0, (j) 
as shown in Fig. I . The scattering process will be such that the resultant electro- 
magnetic field satisfies the boundary conditions on the surface of the sphere and 
also reduces to a j)lane wave at a large distan(?e r. The expressions for the scattered 
electromagnetic? fields have been given by iStratton (1941). Thus for an incideJit 
plane electromagnetic wave expressed as 


iJi IxEq exp i {jh od) 


Hi = exp i{/k-<at). 



Pig. 1. Oonduoting sphere of radius ‘a’ located at the origin of a spherical coordinate system. 
Ir, 1^, 1^ are mutually orthogonal imit vectors at the point P. 


Microwave Analogue for X-Ray Diffraction, etc. 827 

the scattered electric field vectwr at any point P(r, 0, <f>) outside the sphere is 

or 

Es = A’o^xp (-uoO^] „„,.l ... (1) 

where, is the amplitude of the incident electric field 

p, the phase constant of the plane wave in free-spac(' — o ^\/ — 27r/Ajj, 
Aq being the free-space wavelength 

the permeability of free-spacc 3=. 1.257 x10 ® ///metre 
e.Q, the permittivity of free-space ssr 8.854 n ^10 12 jF’/nietre 
CO ~ 2nf,f being the frecpiency of the iiuddent wave 

moi«, an odd ve(d()i* functioii 

[(Sir (7 (<“»» ^>) cos <4 ] 


-T, [¥^U/tr)''^E'..(oo>^0) j 


an e^ven vector function 
=- Tr (cos /V) <'os 94 j 


r 1 d{/)r¥^UIir)} ,7n'(costy) 1 

+ [fir " ■ d(ftr) <W ^ \ 


• 1 '(///•)> 
.fir Hill 0 d(/5?r) 


Pbi (cos sin 0 


a^7L = -jnipW^^n (n) 


j«(P) = V(”I^P) Jn+i(p) 

V^^ip) = Vl^P) 

/9 = 27ra/A 
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fJn.\ T(^s])ertively Bos.sel and firs^t kind Hankel functions 

each of order b + \ 

P\, (cos 0) is an associated T^egendre polynomial. 

Tlie 1h(‘oretieal scattering ])attcrn at a very large distance away from the 
conducting sphere may now ])e calculated from tG(|.(l). The form given by Morse 
and Feshbach (hlb^) retjuires 1o be further sim])lified for direct computation and 
will not lu' used in this article'. Tt is enough for our ])urpose to consider the varia- 
tion of the electi ic field vectoi* alone, since at a large distance t he scattered field 
redtjces to a uniform plane wave. The simplified asymptotic form of Eq. (1 ) valid 
at a large* distance' i.e. /ir I anel r > a may be arrived at l)y Jioting that 

*,/"(///•)-» ' (- -/)«" exp (»:/*■) 




1 d{drli„^'Kdr)} 
jlr d(lir) 


I 

jir 


(- 0 " 


ex]> (?/?»•). 


iSiibstitulioii of 11i(> limiting values uf ilie above Iwo ex])ressioiis in K(i.(l) yields 
llie eoin])oii(*ii1s of the seatiered ele<drie field veetor at a large distaiu^o as 

AV -■ <* 


IS 


so 


I Eft ('os^ 

dr 


exp 


i(dr-od) . 


\ ■ -II -I I 
; '//(w-l-l) 


(eos fJ) , ,5 dP,,' (cos (7)' 
sill ('7 " dO 


E. 


XV 


i7i’o sill ^ 

/h 


exj) i(/ir— od):-' 


or 



dP, 


^ (cos 0) 

do 


Sin 0 J 


... ( 2 ) 


The rat e e)f (Mmvergence of the above expressions fe)r the 0 and ^ components 
of the scattered field elepends largely upon the convergence of and for suc- 
cessively increasing values of n. For values of p large compared to unity, both 
the terms inside th(^ square brackets of E(p(2) converge very slowly and the 
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summation has to ho eai ricd out over a large value of n. lii the special case 
when /> is ./i/wYe but very much less tJian unity, «„*• and hj can be expanded in 
powers of p giving to the first order of apjwoxiruatiou 



for 

/#-=] 

^ 0 

for 

// > 1 

s 1 ■ 1 

for 

n 3=^ 1 

~ 0 

for 

w > 1 


Substitution of these values of and in E(|. (2) yields the scattered fields in 
the fill- zone due to a finite but very small eondiicting s])here as 

^’*■0 = 2 2eo8</) exp i(ltr- w/) 

2;r“/6'o COS c'; .... . ... .... .. 

" ^ fr(l 2c().s ^y) cx]) t(/h'~-c:>1) 

A^r 

Iis^= p*(2— eostl) exp ?(/fr— (.)/) 

•2n‘‘E^mn(l) „3(2_ ,.„s />) exp /(/>V-(,)/) (.‘1) 

AV 

TTT. X IT M K K 1 a A L (U) M F V T A T I O N 

To study the nature of the variation of the scattered field with tlu* ]>()1ar 
angle 0, the suinmation in E(|. (2) has to he ]>erforin(vl over a sufficiently large 
value of n. In this article /i has been so chosen that the iiuim^rical result nuiy he 
correct, to, at lea.st, the third decimal place. Numerical <;om])utation for oiily 
and that too for three values of p, (i) p O : I i.e., a < < A, (ii) p ^ 2 i.e,, 
a = Ajn and (iii) p — 6 i.e., a r-- A has been carried out, since these results arc*, 
siugifieant enouglx to hidicatc^ the general nature of variation of tht3 scat! (‘red 
fields with 0 and also to show the efffict ol the* radius of flic* sphere on the 
scattering })attern. The first ca.se o.g. p <- "^1 has been caJculatc‘d usiiig Eep (A) 
and the other two cases by using Kep (2). 

Calculation of the coefficients ajid in Eq.(2) rc^cpiires tables of and 
functions and their derivatives. Since these tables are not available the 
coefficients were obtained as hdlows : 

" Hn,r{p) 
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The Haukel funotion itself was computed from the formula 
~lJ^^{x)~J^(x) exp (— V77i)]/[ism vtt] 
and the tables for and J_^ as given by Watson (1922). 

Again the uunierieal computation of Eq.(2) recpiires the use of the tables of 
(cos 0) and its derivate for different values of w. Since these tables also are 
not available for large w, their values were computed and tabulated for the value 
of the order n up to 10 by using the recurrence relations : 

L(^wH 1) cos 0 (cos 0) ~ {n+{)P„_^i (cos 0)]ln 
d ldf)\P„^ (cos 0)\ ^ [nPn+i' (cos r))-(w + l) cos 0 ZV (cos (^^)]/sin 0 
from the lower order ])olynomial8 given by Jahuke and Emde (1943). 

Eq.(2) can now be evaluated term by term for successively increasing 
values of n and the summation obtained. 



Fig. 2. Scattering patterns of conducting spheres of several sizes (Curve 1, P = 2.0, Curve 
2, P = 6.0 and Curve 3, P very small). 
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IV. DISCUSSIONS 

The theoretical scattering patterns for conducting s])heres as computed for 
the three cases mentioned before are plotted graphically in Fig. 2. Since for 
each case the relative variation of the scattered field amplitude is of interest, the 
maximum value of the amplitude has been taken to bo equal to 1.00. Th(‘ 
scattering patterns show that for the cases when thc^ radius of the sphere is com- 
parable to A the amplitude gradually decreases with the scattering angle (K For 
p “ 6, the curve rapidly decreases from a maximum at f) — O' to a minimum 
at 0 c=5r 35° after vhich the curve becomes oscillating. For p — 2, the amplitude 
falls from a maximum at 0 ~ 0° almost exponentially till 0 -- 135"’ when there 
is a tendeiicry to rise rather slow ly . The curve for />— >0 show s that th(‘ scattered 
amplitude gradually incu*eases with 0. Thus, the splicrc with 2 is found to 
behave, of the three cases considered, in a way jiearest to that of atoms as far 
as the scattering curve is concerned. Fig. 3 shows the; variations of am])litude of 



Fig. 3. Variation of the amplitude of X-rays scattered by atoms of (! 0 ])])cr, aluminium and 
carbon. Curve 1-copper, Curve 2-aluminium, Curve 3-carbon, Curve 4-Hcattering 
pattern of conducting sphere for 9 — 2.0. 
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X-rays scattered by atoms of copper, aluminiuin and carbon (James and Brinedly, 
1931) and for e.ni. waves for a condueting sphere with p — 2. It is observed 
tliat (lie nat iir(! of all these curves agree to a large extent. Prehaps better agree- 
ment can b«! acliieved with values of p which are near t(* but not exactly etpial 
1o 2 or ])erhaj)s spheres with different dielectric constants will give bettor 
agr(*ein(>nt. TJiese cases have not been investigated by us as yet. However, we 
may safely conclude that with i-ondiicting spheres, p must have a value very 
jiearly o(|ual to 2 so that the atoms are adecpiately simulated as far as scattering 
behaviour is concerned. 
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POTENTIAL FUNCTION OF HELIUM LIKE ATOMS 
AND ELECTRON SCATTERING BY THE BORN 
APPROXIMATION 

S. (\ MUKHER.IEK 

Deiwiitmknt or Thkoketk IMivsks 
In^dian Association foii the (\ltiv\tio\ or S( ii-:n( r, 

rHvi»A\ IMEK, (" VLCUTTS-.Sl' 

{Rnrirvd March HO, I0(i|) 

ABSTRACT. In tins the potml iai ruiirtion of a.loins 1ms Imhmi diM-ivcd 

\>y using tho waA'o luiiclioii of Hurtroo and Ingmaii (19HH) and tlir scaJicnng cross scclion ol 
('[(M-tron by tli(' h<^llllTn Idv<^ atoms 1ms been calculated liy the nu'lhod of Hoiii appioxima- 
tion. 'riu‘ theoretical results at low angular range* am found to be in evellent agre(*inent w ith 
the ox])erimental findings of Hughes, McMdlen and Webb (l!K12). 

I .N T310 J) I C^T J ON 

III cak-ulatian flu* (Micrgy (dgon values of ht'liiini-likp atoms liy tli(‘ varia- 
tional methods the trial wave* iimetioii has (dteii lieeii chosen as a ])rodiict of two 
lunctions i.e. J\r^) -/(z^), where r, and art^ the ])ositiou vectors of the two ele- 
t rolls M'ith respect to the jui(deiis as origin {(‘.f. Hn/Jnaga, liMiH). 1diis type of wavt* 
inuction makes the calculation simple, howevtu-, from [ihysical grounds \\v would 
exjiect some dependence of the wave function on the mutual distanct' ludwecii 
the two electrons. Therefore tin* simple wavt* function /(r, ) /(/\^) may he modilied 
by a multiplication of a function a(/‘, 2 ) which dt‘pends on tin* distance l)etwe(*n 
tin* electrons. This function called tin* correlation function. St*veral 

authors like Hylloraas Hartrce and Ingman (Ih.Tl), and Jloothan (IlMiO) 

have suggested this type of improved apjiroximation of analytical wavt* function 
ft)r lielium like atoms. 

In the present paper we pro])ose to evaluatt* tin*- nature of tin* ]M>t(*utial 
functional function and to calculate tin* cross s(‘ction of (*lastic scattt‘ring of 
electron by helium-like atom in the ground state by taking a wave function as 
suggestetl by Hartret^ and Inginau (JtK33). Th(*y have taken both tin* 
electrons in the K shell and they argue that the correlation function should 
approach a constant value for expressing tin* separability ol the wavn* 

function wdien the electrons are far ajiart and the decrease to a finite though 
smaller value for The success of such a wave function can also be 

judged by the improvement in the value of the eigen-energy. The upper limit 
for the ground state energy of the helium atom obtained by Hai trtn^ and Ingman 
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u.sing the above wave function is — 2.89e^/rto» being the Bohr radius, the 
experimental value being — 2.904e“/ao, whereas Hylleraas, using a wave function 
without x(Tvi)^ bas obtained — 2.847e‘^/f^o as the value for the same. 

In the first part of this paper the function due to Hartree and Ingman 
has been normalized and the potential function has been evaluated by using the 
above mentioned wave function. In the second part the differential scattering 
cross section of electron has been calculated by the Born approximation method 
neglecting tlie exchange effect. At 500 eV'' (the range of energy where the Born 
approximation method is fairly valid) the differential cross section of scattering 
of electron by helium atom agrees very well at small angles with the experimental 
findings of Hughes, McMillen and Webb (1932), but for large angles our theo- 
retical results deviate slightly from the experimental ones. By comparing our 
results at 700 eV with those of 8achl (1958) who has calculated the same problem 
in higher Born approximatioji we find that in the angular range 60'' to 135®, our 
expression gives better agreement with experimental findings than that of 8achl 
(1958). No data below 60'' angle has been given by Sachl. 


METHODS OF CALCULATION 
The wave function ijr due to Hartree and Ingman is 

where | — 1.8395, C = 0.88784, // 0.047827, 

and the distances are represented in Bohr unit. 


The wave function is normalized as shown in Appendix 1. 

The potential function is calculated by the formula (vide Mott and 
Massey, 1949). 

F{r)=-e^( ) \^{r„ r^)\^ dr,dn, ... (1) 

where Z is the atomic number and ^ is the wave function. 

Thus 


F(r) = - {i(2|,0)-26'7(2^ »/)-!- 6'*/(2|,29)} 

where N is the normalization factor (vide Appendix 1) and 

g — /A(ri-hr2)— “ Vri2 


v) = \ 


r-ril 




... ( 2 ) 


P — \‘f‘ 


From the identity 


r 


1 f „ 

2ff* J 
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we get 


27r« j “ (pH//W4/W+^-) ^"r{<Pr,-iPpiPq-d^s-d^k 


Applying the properties of 5-fuiiotioii 


we get 


j e«(p-k).x d<‘x^ (27r)U(p -k) 




where 


m = \fr, 




H r}2^7Tf 1 itr [ 1 


i e Kit 7 )^ = '/ ■“ " 1 (.«'■ 1^1 /' '■ '/ ’/‘V/*-!- '/; 

■■ " r ) ik L (/«2 -//*)'•* I //(/:--+S‘!)(F+ A*) (F l-^W^+A*) 


4//(/H- V) 


where 


(P ■1-4/y 2)‘'* } (y/2___^y2^3 { j ^^2) (A*^ -|-4/f‘'^)l] 


After evaluation of the integral we have 


Ii/^> V) 


2®/^7/7r2 f /4 + rj [ 1 _ ^ „ 1 _i 

r{n^—yf)^ I A^ 8'^ 


r 1 

— ^^M/^ + V) [^ 4^2 ”“A^-'A2)2 ^'2^rA2)2 * 2(y3(^2__A2) 


+ M 1 ^ 

8/^^ V pi ji 


1 _ _ - „| — ^ 


The scattering amplitude, by the Born approximation method is given by 


J F(r)e*>^*-dV 


... (3) 


where V{r) is the potential and k = (no-n). no and n arc the unit vectors 
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tlic iiu;uU-iit and Ncntk'ml (lircclious Substituting in E(|. (3) 

the value of l’(r) •''<>"> I''’!- (0 have., 

m - [ - J <■ “‘•’■rfV 4 y., (>)-2r/'(2^//)4 r^/'(2g, 2(/)}] (4) 


wluM’O 


I'i/I. v) 


p.-s(r, I r.,)--cr,. I d^fd^r 

) |r-n,| 


with w — 1,2 

After integration (vide Ajipendix 2), we obtain 


/'(/', V) 


iV/iM r 1 I A/v I 2 

[(//••“ v-)M (ft- i ir^)(k^ \-x^) 


4/id 

{k-+nw+x-) 


(iit- 1 4/'“)- 


^ I 

(/(2- vT I 


1 

k- 1 




)] 




// i V // -V - /\ 


TABLE 1 

(^)in|mris(Mi of tli(^ (liflVreiilial sratteriu^ rross section of electron of t'Jior^y 
oODeV scalieic<l by bcliinn atom 

DifTbrLMit lail « r<»ss Mtu*( loji iti miitH of l()'-<>cm2 


ll^lo 111 
ejjrces 

Kxporiinojilal 

viiliin 

Tlu’iureticnl 

resalts 

(present uiillior) 

D.Ti 

1105.0 

1190.4 

12.0 

1047.0 

1037.16 

22.0 

Hu.O 

475.04 

27.0 

281.5 

287 01 

47.0 

()() . S 

60.8 

07.0 

15.88 

20.04 

87.0 

0.14 

9.23 
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TABLE TI 

Comparison of t,h<^ differential seattering cross section of electron of (Miorgv 
7(HleV scattered by helium atom 


Diffoi'oiitial cniss sect ion in nuits of (•in2 


Anpio in Exporimoniiil Thooroticul Theorotical 

degrees value results results 

Saelil (]>resent antlior) 


no 

ir> 

24 

1 5 . 7.5 

90 

f) 

8.0 

4.04 

120 

3.5 

5.2 

1 . 804 

1 35 

3.4 

1 .8 

I .405 


E r S 0 IT S S T () N 

From the calculation it is observed that the screening effect is more ])roinineiit 
far small an^'les of seattering whereas for large angl(‘s it becomes negligible. 
This is because when the scatterijig angle is large the |)arti< U‘ moves very near the 
nucleus, wh(*re the screening effect due to the surrounding electrons is negligible. 

The better agreement of our theoretical calculations with experimeni for 
small angles of scattering is due to the fact that in these cases the jiarticle ])asses 
far from the nucleus, where the ])otential is very weak on account of tlu' 
screening effect and as such, the perturbation calculations are (piite valid. 

A C K N () W T. E D M E N T 

The author is greatly indebted to Jh*of, 1). Basil for suggesting th(‘ ])roblem 
and for his helpful guidance throughout the progress t)t the woik. Tlianks arc* 
also due to T)r. N. C. Sil for valuabh' discussion. 

APPENDIX r 

In the present case the wave funetion is 

ilr ^ \e- Hn ! >■■,) ( I -Vc - ,), 

^ N 

the normalization factor N is evaluated from the rc((uircment 


Thus, 


J ^iJr*dT — 1. 

N-^ = /''(2I, {))-2cr(2(, 2n) 
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where /^/z, A) = Je— ^(<* 1 +^ 2 ) e—\rv2 

~2n^ j ds j du^ dt e—A*^ 

000 

whore s — fi+r^, t = — ri+r 2 , u = Hylleraas, 1929) 

= 27r^ j ds j du e-M^e-xw/ sH^—- 
00 \ 


^27f^ld8e-i^s 


B g 

where In — \ uHu = ^ ; /q = J e-'^f^du — 


- rt ^ 

■•• ^"(/<. A) =' I c -/•» I Je-M* 


24 

AS® 






i.e., 




Since 


e-ps da ■ 


n\ 

\jw+i 


APPENDIX 2 
The value of /'(/^, v) we get as 

I'M = ( f f e -M(n+r.)->r„+tkT d»r,d^r,d^r, 

J ] J Ir-nl 
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f f r e -»p.q(r-ri) 

(7r*)*27r® J J J 


e»f-r 




eM-r- 

W+Pr 


dH 


Since 


J j rfVx dht 


e-x^ _ 1 f eip*r „ 

r ■" 27r2 ^ 


and 


e — 


f e»pr#p 

■(pHA-*)* 


/'/„ = /i*v(2n-)* j g(fe -p)^(p-i q+s)<^(f - s)rf*p d®q dH d^s 

’ ’ 2w« J 


2 ®/**v 7 r f 

“F“ J 


2®7r*/t®v r s <is 

fe* J {«*+/r2)v-rv*)2{(«-fcjM-/i*} 


Applying the following identity. 


[(PH/*W + V*)] "= ] 

_ _.2 _ r _j__ __1 1 

(/t* — V*)®L (p*+v*) (p®+/<®) J 

r„ X 2*'7rVv r 1 f 1 //A- ''a-*?,!- _l/<(/*+v) 

+-(p:p 4^2 } " { p+T*" P+ 4 /t* } ] 


where 


= d and p—v = A 
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ABSTKACl’. This pa]>or dertcnbos a diroct motJiod of doformiiiiu^ tlio diRV*routial st roH.s- 
optical constants, when tlui axes of polarisation in a slrossod ( rysta.] do not coincide with tlu* 
jirincipal directions oi .stress. 'FIic^ method is \orifi<*d hy studies on barium nitrate and 
strontium nitrate crystals. 


TNTKOD ir(JT roN 

With the applieatioji of the ^roii])-<heorelieal niefbods by Bha^avaiitani 
(1942) to tlerive the miinber of uon-vaniHliing jdiotoelastic coustaiits for diffesreiit 
classes of crystals and the diseoverv of sev(M*al ei rors in the seluMnes giveji 
earlier by Poekels (IS89), interest in the phototdaslic effect in crystals was 
revived and an intensive study of the subject was undertakn by Bhagavantani 
and collaborators in recent years (Nye, 1057: Krishnan, I05H). During the 
course of these studies, it was found (Tihagavantani and Krishna Kao, 1053a) 
that, for some orientations of cubic crystals, the princi})al ax(‘s of ])olarisation 
of the stressed crystal do not coincide with tlu‘ j)rincipal directions of stress. 
This phenomenon lias l)een referred to as the tilt of the axes. When t-h(‘re is tilt 
of the axes, if the usual exi)eriiiiental nudhod for determining the dif- 
ferential stress-optical (;onstants, is employed, one sliould first find the positiojis 
of the axes of polarisation of the stressed crystal and adjust the Babinet^ compen- 
.sator, such that its primdpal dire(*tious coincide with the axes of polarisation 
of the stressed crystal. On the other hand, if the princijial directions of the com- 
pensator are kepf> vertical and horizontal, as usual, and the (crystal is stressed 
vertically, it has been found that the shift of the Baninet tringc is not ])roj)ortiojial 
to the applied stress aaid the fringe vibrates about the initial ])osition, as the stress 
is gradually increased. It will nf)w be shown that, from a knowledge of the stress 
required to bring back the Babinet fringe to its initial ])osition, the stress-optional 
constant can be evaluated directly, without necessitating the determination of 
the tilt of the axes. 


T 11 E 0 B Y 

Let OJf 1 , OTi (Fig. 1 ) be the priiici])al directions of polarisation of the stressed 
crystal in the XY plane (normal to the direction of observation), DAg, the 
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principal directions of the (umipejisator and OP the direction of vibration of the 
incident plane polarised beam of light of amplitude a. Let a and fi be angles 
X^OP and X^OX^ respectively. 



Fig. 1. Showing the ])riiu-ipal direct ioiiH of the Htrossed crystal (OXi, OY|), the principal 
directions of the compensator (OXj, OYo) and the direction of vabration (OP) of 
the incident light. 

On entering the stressed crystal, the incident beam will be resolved into two 
components, one of amplitndc a cos oc and direction of vibration OX^ and the 
other of amplitude a sin a and direction of vibration OYi. These (iomponents 
will have a phase difference, say 5, when they leave the crystal. When the beam 
enters the compensator, etK*h of the above-mejitioned two components will split 
further into two components with their vibration directions along OXq and OTg- 
The amplitude of the component, with the vibration direction along OXg, is the 
resultant of the two components of am])litudes a cos a cos /} and —a sin a sin /? 
and phase difference Similarly, the amplitude of the coinpojient with 
vibration direction along is the resultant of two components of amplitudes a 
sin a cos (i and a cos a sin and phase difference d. The amplitude A of the com- 
ponent wdth the vibration direction along OX^ is given by 

A^ = a‘‘^{cos2(a — //)— J siii 2a sin 2/5^(l + cos (^)}. (1) 

The phase of tliis vibration is given by 

tanAi- 

COS a cos /j- sm a sin p cos o 


Similarly, the amplitude B of the component whoso vibration direction is along 
OFg given by 


{sm^ sin 2a sin 2/?(l— cos d)} 


( 3 ) 
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and its phase Ag is given by 

tanA 2 = sin acos//Hin^ 

cos OL sin /i 4 sin a cos ft cos S 

Prom Eqs. (2) and (4), we get 


( 4 ) 


tan (Ag— Ai) 


sill 2 a sill S 

sin 2(a+/?)— 2 eos 2// sin 2a . siu‘^ f^/2 


(•">) 


The fringe shift in the compensator gives (A 2 --A 1 ) vvliicb would obviously bo equal 
to 8 when the tilt of the axes is zcu'o. Kq. (5) shous that, as 8 is incT'cased, 
(A 2 — Ai) first increases, reaches a maximum and then reduces to zero when 8 
^ n. On a further increase of 8^ Ag- A, idianges sign, reaches a maximum and 
again reduces to zero when 8 =- 27r. Thus the Baliinet fringe completes one oscil- 
lation as the phase differeu<!e 8 increases from zero to 'In. The variation of 
A 2 - - A] with 8, evaluated for values of a ami (a | /^), and 45*^ rcs])ec1 ivel 3 ^ using 
Eq. (5), is shown in Pig. 2. It is clear that the strecs P, reijiiired for* one conqilete 



oscillation of the Babinct fringe, gives the stress required for a path difference 
A (wavelength of the light used) between the two components with their vibration 
directions along the principal directions of the stressed crystal. Hence the 
differential stress- optical coefficient C is given by 




2A 

n^Pt' 


where t is the thickness of the crystal jiarallel to the direction of observation and 
n the refractive index of the crystal in the unstressed state. 
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K X P E H l M E N T A L 

To verify flie foregoing method, crystal prisms of barium nitrate and stron- 
tium nitrate, with faces parallel to (111), (Oil) and (211) planes, have been studied 
applying the stress, by a lever arrangement, along [211] and making the observa- 
tions along [OlIJ employing the usual arrangement (Fig. 3) for determining the 
differential stress- optica I constants. The stress-optical constant T’ for this ori- 



Fig. 3. Experimental for detorminiiig differential stresR- optical eonetants. 

S — Sotiroe of I ight 
L— Oondonsing Ions 
P — PoIariHing Nicol 
C— Cjystal 

B — Babiiiet oomj)OTisaior 
A -Analysing Niro] 

entation of (Wjj) class of crystals, to which these two substances belong, is 
related to the stress-optical coetfiedents f/j 2 , q^^ and by (Bhagavantam, 
1953) : 


<! = Wi 


( 7 ) 


where, A i (2r/„- - q^^). 

In the case of barium nitrate, the load retpiired for one oseillatioji of the 
Babinet fringe is found to be 2380 grams, the mechanical advantage of the lever 
arrangement being 3.992. Tlie length of the prism parallel to [111] direction, 
AVhich enters the calculations, is 0.330 cm. With these values, taking n as 1.570 
(Landolt and Bornstein, 1931), the stress-optical constant is evaluated, using 
Eq (6). The value obtaiue<l, 10.8 x 10 ciu'* dyne" is found to be in agreement 
with 10.2, evaluated using Eq. (7), taking the values of A and (Bhagavantam 
and Krishna Bao, 1953b) as 20.60 and 1.69 respectively. 

For strontium nitrate, the load for one oscillation of the Babinet fringe is 
3300 grams. The length of the prism parallel to fill] is 0.264 cm. The stress- 
optical constant, evaluated using Eq. (6), taking n as 1 .567 (Landolt and Bornstein, 
1931) is found to be 6.3, in close agreement with 6.27, evaluated using Eq (7), 
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taking A and ((Bhagavantam and Krishna Rao, 19 r ) 4 ) as 13.61 and 1.38 

respectively. 
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ABSTRACT. UltraHonic velocity measurements are carried out in a number of new 
orfranic liquids, low melting })oint organic solids in the molten state and corrosive inorganic 
liquids. The important constants adiabatic compressibility, Pad^y^ Van der Waa^s’ “b” 
and molecular radii are computed, A method different from that, of Schaaffs was followed 
in computing the value of “b” for atoms and linkages and the values for some atoms and 
linkages are obtained. It is found that the contribution of semii)olar bond to Van der 
Waals' “b'* is negative. 

INTRODUCTION 

Extensive studies of ultrasonics velocity in liquids and their interpretation 
in the light of molecular structure have been made by several investigators like 
Parthasarathy (1935, 1936, 1937), Schaaffs (1945, 1950, 1951), Baccaredda and 
Giacomini (1945, 1946, 1947, 1949, 1950), Lagemann (1948, 1953, 1957), Rao and 
others (1940, 1941). An important advaiu'.e has been made when Rao (1941) 
has discovered R the molar sound velocity, a temperature independent constant 
and it is characteristic of the atoms and linkages in a molecule. Schaaffs (1957) 
has shown that the measurement of ultrasonic velocity enables the computation 
of certain thermodynamic constants such as f^ad and and the molecular constants 
as Vander Waals’ “6” and molecular radii. It has already been established by many 
workers that Van der Waals’ “6” is an additive function of the atoms and linkages 
as some other physical properties like parachor “P"’ critical volume “Vc” etc. 
Schaaffs (1950) has given values of b for various elementary groups and atoms with 
different linkages. He tested the validity of this additive law in some compounds 
and obtained a good agreement between the calculated and experimental values 
of "b" as well as ultrasonic velocity 

In the present investigation the authors presented the ultrasonic velocity 
data and the various thermodynamic constants for many new liquids. An attempt 
is made to compute the value of Van der Waals' “b” for atoms and various linkages 
by following a method different from that of Schaaffs and it is tested in many 
common organic liquids for which the ultrasonic velocity data are available. 

RESULTS 

The ultrasonic velocity data along with the various constants calculated for 
the liquids studied are presented in Table I. The ultrasonic velocities for the 

346 
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TABLE I 


Compound 

Temp 

"C 

Velocity pad 
m/s X 10 

V cm2/ 
dyne 

Ratio 
of speci- 
fic heat 

P. 

rXlOs 

om 

r from 

Diethylamine 

23.5 

1103 

118.00 

1.149 

1.8870 

2.142 

2.133 

(27.5^0) 

Isopropylamine 

20.0 

1089 

128.50 

— 

— 

1.994 

1.998 

(27.5^’C) 

Dimethyl sulphate 

31.0 

1223 

50.74 

— 

— 

2.075 

2.018 

(27.(rC) 

Diethyl sulphate 

31 .2 

1199 

50.17 

-- 

— 

2.310 

2.320 

Sulphu r chi or idc 

26.0 

1173 

43.57 

2.187 

0.4211 

1 .956 

2 . 272 
(20.8"C) 

Thionyl chloride 

30.6 

1023 

58.86 

2.197 

0.4610 

1.894 

2.061 

(lO.OX^) 

Sulphuryl chloride 

30.6 

925 

70.50 

1 .877 

0.5194 

1 .961 

2.041 

(20.0'^O) 

Triet hyl phosphate 

30.6 

1226 

62.59 

— 

— 

2.513 

2.811 

(27.5‘H^) 

Tri phenyl phosphate 

58.0 

1385 

43.33 

— 

— 

2.961 

3.239 

(65.0<^C) 

Azoxy benzene 

29 . 9 

1532 

36.43 


— 

2.5.30 

2.922 

(27.5''0) 

Azo benzene 

67.7 

1355 

52.29 

1 . 299 

1 .0620 

2.538 

— 

Vinyl acetate 

25.7 

1122 

85.88 

- 

— 

1.783 

1 .809 
(27.0^'C) 

Methyl methacrylate 

29.7 

1179 

76.58 

— 

-- 

2.140 

2.186 

Ethyl methacrylate 

25.0 

1180 

78.57 

— 

— 

2.258 

2.309 

Naphthalene 

89.6 

1183 

73.07 

1 .317 

O.3045 

2 . 294 

2.403 
(99.0' C) 

Diphenyl 

74.8 

1361 

54.69 

— 

— 

2.466 

2.746 

(78.0"C) 

Phenyl salicylate 

69.8 

1336 

48.34 

1 . 232 

1 .3280 

2.592 

2 . 885 
(48.0^C) 

Maleic anliydride 

86.2 

1433 

35.91 

- 


1 .893 

— 

Phenol 

64.6 

1390 

49.49 

1 . 237 

1 . 8920 

2.354 

2 . 220 
(45.0’^C) 

p-dichloro benzene 

67.7 

1118 

64.83 

1 .487 

0.8390 

2 . 227 

2.437 

(50.0°C) 

Antimony trichloride 

100.0 

88.8 

38.59 

- 


i .997 

— 

Sodium acetate 

90.0 

1701 

27.10 

— 

— 
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TABLE II 
Temperature 20°C 


Compound 

Formula 

Experimen- 
tal value 
of ‘"b“ 

Computed 

value 

of 

Nonane 

C„Hs„ 

164.60 

161.70 

Ethyl alcohol 

CaKi»OH 

62.46 

52.08 

Propyl alcohol 

C3H7OH 

64.ft2 

67.61 

Peritachloro ethane 

CoHcClr, 

127.20 

122.00 

Totm<*hloro ethano 

CjUjCU 

99.65 

106,20 

Carbon tetrachloride 

COI 4 

90.63 

»().79 

Amyl bromide 

0,H,jBr 

116.10 

108.20 

Bromoform 

(JHBr., 

83.03 

84.08 

Tetrabromo ethanes 

C*H...Br4 

111.90 

118.50 

Propyl iodide 

O3H7I 

91.52 

88.77 

Ethyl iodide 

OsHgl 

75.08 

73.34 

Ohloro benzouo 

C.iHsCl 

96 . 23 

95.67 

Orthochloro toluene 

OeHftCHoOl 122.80 

111.10 

Toluene 

CbHsOH 3 

100.30 

95.38 


Table III 

Values of Van tier Waals’ ‘b’ for some atoms and linkages 


ri 

n 

ll 


H = 6.11 


N -= 16,14 


Cl -= 21.89 

( -■) in (C = 0 ) = 12.65 

Br 24.95 

(^) i (C=C) = 24.06 

I = 36,38 

(=.) =. 8.11 

S 17.50 

Benzene ring = 23.00 

P = 15.95 


Sb -- 12.71 


0 «= 9.02 
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TABLE TV 


Tcnipe'Tatuiv. 20 C> 


(kimi)ouu(l 

Vt'locity 

(ni/Hcc) 

V 

Deiiwity 

(giii/cc) 

Experi- 
ment a) 
value ol 
“b” 

(3)iin])ute( 
value el 
“b” 

* DiotliylttiniJUi 

JlfiO 

0.7071 

90.10 

90.10 

Isopropy lam i Tie 

J08!> 

0 . 08:0} 

79.09 

81 . 7 :i 

* Dimethyl suljihate 

1 255 

1 

89 . 82 

89,82 

Diethyl Mul])hato 

1244 

1 . 188 

123.3t) 

121 .38 

* Sulphur <*hlon<lo 

lilth 

1 .022 

78.79 

78.79 

Thi ony 1 chi or i d o 

1 I4K 

1 .839 

00.94 

()5 . 59 

Sul])huryl chloridi^ 

il40 

1 .073 

75.48 

75. ill 

Kthyl phfiHphate 

I2l‘.l 

1 .074 

1.^)2. 40 

158.90 

Triplionyl plios})ha.tt* 

1510 

1 . 2;h) 

181.90 

209. :io 

Azo bttnzono 

1404 

1 ,083 

l(>l .70 

203.90 

Azoxy beiizoiut 

1 558 

1 .18t) 

101 .90 

208 . 90 

Viuyl aeeUite. 

1 152 

0.9315 

9() . 3() 

104. 10 

IMethyl iritdluierylab' 

1220 

0.949 

99 . 1 9 

1 19.59 

Ethyl metluierylat(* 

1201 5 

0.919 

117.00 

1,34.80 

Naphthalene. 

i:pj2 

1 .0.30 

118. 50 

132.80 

Diphenyl 

15:i4 

1 .035 

I4tl.00 

147.00 

IMiouyl Halioylattt 

14H0 

1 . 190 

I 72.. 50 

190.40 

Phenol 

1528 

1 .079 

82.77 

88.90 

p-tljchloro boiizene 

1 252 

1 . 292 

108.10 

1 10.. 50 

* Antimony trichloride. 

1 128 

2.780 

78 38 

78.38 

* Phonphorus trichloride 

995 

1.580 

81 .02 

81 .02 


♦ThoHO liquids liavo bot'U Uikeii lor «l»iu(laraizatiou. 

orgajiio liquids and the low meltiug l.oiut organic solids arc uu-asurcl by the 
lixe<l path variable frequc.uy interferonu-ter. 'I'he crrosu. hquals are stud 
with a special type of all glass cell using pulse teehn.ques The glass ^ n ^ 
by fusing two parallel ground glass plates to the t«o en.ls of a • 

b 1 Mils Tlu^ (Tvstals are attachfKl t() the ^ 

TVio IpsntrtK of th 8 cell IS about 4 .f)Ciiis. iiu ,> ... 

Mm\.! tl.0 cdl. Th« liqui.!. '■«»! “«' • '* “"‘I''"' “"j 

by . Brevity b.,t..lc. ■.by.W 

thermal expansion required in computing the constants / taken 
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Jjitoriiational Critical Tables. As the inea.sureiiieiits reported in Table I are made 
at differeiii temperatures, the ultrasonic velocities in all the different substances 
are reduced to th(^ same t.etnperaturo of to facilitate comparison by using 

the kuowji t(*fnf)eraturc variation data obtained by the authors. The r€\sults thus 
obtained are ])resented in Table TV along with Vaji der Waals’ ‘‘b” and density. 

It may bt‘ noticed that there are some low melting point solids in which the 
ultrasonic* velocity is measured in the liquid state at tem])erature above the 
melting point. The values of ultrasonic velocity given for these substances ex- 
trapolated to 20' re])reseut hyf)othetical values which these substances would 
have had if they exist in licjuid state at 20 

D 1 SCUSS I O N 

The velocity data re])reseuted in Table IV follows well the rules proposed 
by Parthasarathy 1030, 1037) and Schaaffs (I04S). Atter a d(dail(‘d study 

of the ultrasonic velocity data available in the licjuid state the authors also arrived 
at the general conc'lusion that in the homologous or progressive series of organic 
molec'uh's the ultrasonic* v(‘lc)c*ity varies in tlu' same* sense* as the density, i.e., in- 
(*reasing witli increases in dc'iisity or decreasing with decrease in dejisity progres- 
sively for higher uu'inbc'rs. 33ie (*ompr(‘ssibility variation is exactly oj)posite. 
Exce])tious to this rule are found in the* series involving either a halogen atom or 
a lighter grouj) ((X)OH, ('Hy, <*tc). 

Examining the velocity data in t he light of the rules proposed by JNnthasarathy 
(1037), Schaaffs (1050) and b\ the authors it is seen that the velocity is higher 
and the cc)iii])r(*ssibility is lo\\c*r in diethylaminc* than that in isopropylamine whicOi 
has less chain length. Idtrasonic* velocities in tlu^ mojiomers, methyl methacrylah* 
and ethyl methacrylate also show a decrease for the higher member along with a 
d('c*rease in density and this feature is also similar and in agreement with the 
general rule*. The* c*om])C)unds ethyl sulphate and methyl sulx>hte also ibllow the 
same rule, though the acid radical is inorganic. 

The int eresting result wliich the authors obtained from a study of the sulphur 
comjmunds, SOCI 2 , SOaClg is that the presence of a semii>olar double bond reduces 
the ultiasonic* velocity. This is confirmed when we remember the fact that the 
coJitribut ion of semi])olar clou l)le bond to molar sound velocit y is negative. The 
high velocities of maleic anliydride and phenol may be attributed to the xjresence 
of hydroxyl groiqjs which enhance the velocity accordhig to Parthasarathy (1937). 
Comx)arison of measuiemonts for the two ])hosphates ijivolves aji alij)hatic and 
an aromatic comj)ound. The triidieiiyl phosidiate lias a high molecular weight 
and higher density than triethyl phosphate. Besides it has the contribution of 
three benezene rings ^^hose jireseiu^e always increases the velocity; on both these 
considerations the ultrasonic velocity in triphenyl phosphate is higher than that in 
triethyl phosphate. A study of the structures of the two compounds azobenzene 
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iiiid cizoxy benzene itwealy that tlu* azoxybeiizc'ne cojitaiiis one additiojiai oxv^en 
atom besides a semipolar bond. It is know u i hat t h(‘ effect of addition of an atom 
or an increase of moleenlar weight is gtMierally to increase the velocity wJulo 
the semipolar bond has the effect of decn^asing the velocity. As the ultrasonic 
velocity increases for the latter a(‘(‘ompanied by an iiu rease of density it apjiears 
that the increase of velocity due to addituHi of oxygen atom is greater than the 
negative effect of the semipolar bond. Again the parallel increase^ of density and 
velocity and the decrea ;e of com])ressibili ty for the higher member is in 
accordance with the general rule of velocity variatioji v\ith (h*nsitv givcji bv 
t he authoi*. 

(^omjiaring the velociti<‘s of naphtfialem*. di])henyl and ]>h(Miyl salicylat(', 
the diphenyl is a longer molecule with high molecular weight ajid d(‘nsity tlian 
naphthalene and this again leads to further increase in velocity and decrease in 
compressibility. Phenyl salicylate shows a de])arture from this behaviour and 
it has not been possible to explain this variatioji. 

Phenol and ])aradichlorob(‘nz<‘iu‘ are substitution com])ounds of benzene 
and it will be approy)riate to compare* the velocities of the three* substaiuM^s at 
20"(\ 'J^he velocity of phenol is gin^ater than that in ])(‘nz(Mi(» due to t h(‘ ])n*K(‘nce 
of the hydroxyl group and the velocity of /)-dichlorob(‘nzene is less than that 
in benzene due to the ])resence of two chlorine atoms. 

It is well knovN'ii that the ratio of s]»eciric Inputs gema’a-lly lic's b< tween 1 aiul 
1.5 for all the organic liquids. In the prescjit investigation t in* range of the valu(*s 
(‘omputed for sonn*- liquids which lie between 1.2*17 and 1.1S2 is tlu^ agre<mient 
with the gejieral range of variation (‘xju'cted foi' organic li(|uids. In the case of 
the ftnv inorganic licpnds, the y values are cpiito high being gr(*atei* than 1.8. 
The (^y and y vnilues for some of the licjuids inv(*stigated are obtained for the 
first time and are imported iji d'able I. Schaaffs (lb51) has shown that Vaji d(u* 
Waals' “b”, and the moknudar radii r of any moh'culc can be calculated from the 
relations. 


h -- 


M 

P 


HT f /II MP 


1 


)] 



31 ) 

i iSnS 


where M — Molecnlai* weight 
p — density 

T — Temperature in degioes absolute 
V ~ Velocity of sound 
R = Gas constant 
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]) - - V’^aii (ler Waals’ }> 

N — Avogadro number 

r fan also ]«' (alnilatM from the refractive index measurements by using the 

T’olation. 


wdieiH^ // 



3 

^ttN 


refrad ivo index 


//2- I 

tr^-\ 2 


M 

P 


The r values calculated by both these methods for most of the liquids investi- 
gated are ])resented in Table* I. It will be seen that these values obtained by 
both these nu'thods are in good agreement with eadi other. Although there arc 
significant deviations in the ease of the inorganic compounds like sulphur chloride, 
thionyl chloride and triphenyl phosphate, and also in azoxy benzene this discre- 
pancy may l)e attributed partly to structural influences and partly to the 
impurity of chemicals. 


From a study of t he ultrasonic velocities in homologous series of organic liquids 
at- 2()''(- Schaaffs has deduced the h values for some of the common (‘lements having 
certain common linkages as for instance, —H — >C ^ 0 ™ ((^), etc. He has 
also calculated h values for certain organic groups v\hich commonly occur in 
organic* liejuids. He has given different values for these groups depending on 
whether they are linked to aliphatic* series or aromatic series. As h is found to ])e 
additive in nature, Schaaffs (1948) has calculated the h values for several organic 
licjuids using the data for groups and atoms thus obtained, and compared these 
with the values calculated from ultrasonic* veloc*ities and found them to be in 
good agrc'cment. 


The authors have attempted an investigation on similar lines following how- 
ever, a different procedure* for the computation of V^au cler Waals' 6. While Scha- 
affs has eonsidered ''I/' values for atoms and atomic groups, the authors have 
considered the contribution as due to atoms and linkages like double, triple, and 
semipolar double bonds. The values thus obtained for various atoms linkages 
and ring structures using the data available in literature for some c^c)mmon organic 
liquids are givc*n in the Table Til. To chech up the accniracy in the estimation 
of b values obtairuMl for atoms and linkages, the b values for some other organic 
liquids are calc*ulated from the ultrasonic* velocity data and are compared with 
the computed values. This data is presented in Table III. Considering tlie fact 
that is c*onstitutive in nature to a certain extent and that the value of h for 
the same atom linked with different atoms has generally slightly different values, 
the agreement may be taken as cpiite satisfactory. Such of those differences 
which are significant may be attributed t-o the constitutive influences. 

Using the values for atoms, the b value for semipolar double bond is 
deduced from the calculated 6 value from ultrasonic* velocities of the five liquids, 
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(^thyl i)hosphate, methyl and ethyl siil])hate, Ihionvl and sufphuryl chlerides, 
leaving the two liquids azoxy benzene and trqdienyl phos])haie. The' interesting 
result was that the eoutribution of Van der Waals’ h to semi])()lar linkage is 
negative and small. The negative value for h hidieates that there is effectivedy 
a eontra(!tion in the volume of the moIe(‘ule. This lesult is analogous to Hit' 
negative value of paraedior reported by Sugden (1030) and of molar sound velocity 
obtained by us. Since the structural formulae of azoxy benzent* and tri])henyl 
j)hosphate arc quite large involving benzene ring and double bonds, the values of 
h estimated for them are not- at^curate. Perhaps that may bt' the reason why 
the contribution for semipolar bond in the two litpaids turned u]) as })ositive. 

Comparing the experimental values of h with the com])uted ones for the 
liquids investigated here, tlu' agreement- may be considered as gratifying for most 
of the liquids except naphthalene, phenyl salicylate, tn]>henyl phosphate, azo 
and axoxy benzenes. The large deviations observed in these licjuids are due to 
(tonstitutive effects whhdi sometimes alter the values of the individual atomic 
contributions widely. 

Since Schaaffs (1950) has attributed values for gr()U])s instead of linkages 
it has limited application in computing the h value for a new li({uid. Accordijig 
to his method the values for a large number of grou]>s are to be known in order to 
(compute the value of 6 for any new liquid, since then' are so many ])ossible combi- 
nations of atoms with various linkages, occurring normally in all the organic* 
licpiids. The author's method has wide apj)lication in the* (M)mputation of 
values for licpiids but some times the c*omputed values show large deviations 
from the experinu'utal r(%sults due to c*oiisitutive intluc’ncc's. 
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GAS PROPERTIES AT HIGH TEMPERATURES 
ON THE EXPONENTIAL MODEL 
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[Received March 15, 1961) 

ABSTRACT. Hi^li tornporatuni viHcosity data has^i' bnrri utiliKnd to obtain tb<^ jioU ntial 
paniiiK'torH for tlio »^xpori(aitiuI inod<'I for Tfo, A, Nj, Oj and <50i.. Thoso jiaramotors can 
reproduce tlu' exf)oniiu*nl.al viscoHity data at t<*inp(*ratiir(‘K mor<‘ Hatiafactorily than llu> 
]jani!Uol *rn dct(M*ininod from s<;attcring cxjmriinonts. Tiie comhination rules j)ro])oaod for 
tlio exponential nvoibd hav’i' b(‘en tt^Hlcul in relation to tla^ In^^b temperature inb'r'diffnsioii 
(e'>ell(i(iituit and the results so obtaine<l are discussed. 

1 N T K 0 D XT (1 T I 0 N 

Tilt' kii<)\vl(Ml^n^ of the gas pro])erties at high tpjnporatiiros is of great iui]:)or- 
laiK'O partiiudarly in eouneetion with high speed gas flynamics, coinbiistion, deto- 
nation etc. In tile experimental determination of the retjuired gas properties 
at very high tem])eratures, many diffiinilties are to be surmounted and even tlien 
tin* results are liable to large errors. Further, thi* grajdiieal extrapolation of tin* 
low t(‘m])erature data is likely to give unsatisfactory r(‘sults at high tempera- 
tui’es. More satisfactory vahics for the trans])ort (*oefficienls can, howeve?’, be 
obtained by cahmlating the intermole(*ular pot(*ntial from high temperature pro- 
]n*rties and utilising the ccpiations of the kinetic theory to calculate the reejuired 
t r ans] ) o r 1 ] )T’( )pe r ty . 

At high temperatures small intermolecular separations ai*e ])redominant 
(Hii ’schfelder ct aJ., 1954). Above the Boyle ])oint the attractive ])art of the inter- 
molecular potential becomes less important than the repulsive part. Hence 
in the consideration of the high temperatun* gas properties we may neglect 
the attratdive paid of the potential and assume only the repulsive part (Cottrell, 
1956). At low and intermediate temperatures the intermolecular potential is 
believed to be represented reasonably well by the various molecular models (e.g. 
Lennard-Jones 12 : 6, exp-6, etc.), but their applicability to gases at high tem- 
peratures is o])en to (piestioii (1958a, l95Hb). 

Amdur and his co-w^orkers (1954-57) have tried to fit' their molecular 
scattering data to a potential of the form 

fr) = i - (1) 
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where yl and .s are constants and r is the interniolecular sejtaration. Suhse- 
c)uciitly Anidur and Mason (l!i«>8a) have calcidated a lar^e iininhcii’ of ^as ]»ro- 
perties at Iiigh temperatures from the low and intermediate tem]»erature data 
and have suggested that a pot.ential of the form 

^ r 

(j)[r) ^ A r* ... (L>) 

may be able to rcprodiiee the experimcTital data ovvv a \^'ide lauj^e of* teiu])eratiires 
iluiTi the inverse power model. They liave obtained llie constajits A and /> for 
several substances from the scattering experioiejits, but could not test th(‘ accuracy 
of the values by comparison with experimental trans|)ort propeity data, as the 
collisioji integrals on the exp-m<)d(^l \v(‘re not available. Quite recently MoJicliick 
( 1 1)50) has evaluated the various collision integrals' on the exp-model: theiefore 
evaluation of the ])oteutial ])arameters from transport data is also possible^. 
Walker and Westenberg (JtHiO) have utilised thes<" collision integrals to determifie 
the unlike potential parameters from their expin-innuital diffusio]! data for the 
gas pairs CO^ — do’ ^'^4 ^ 2 ’ ^^ 2 ^' ^2 — ^^2 **'*^^^ ohtaijied sonu^ interi‘st- 

ing results. In the ])resent pap(‘r \\(‘ have detcn inined tlu' ]>ot(‘ntial |)aram(‘t(‘?*s 
for the exponential model from th(‘ data on high tempoatme viscosity of ])un* 
compojients. These hav(‘ been com]>ared with tin* values availabh^ fi*om other 
sources. 

0 A L tr J. A T ION 0 F \* O T E N T 1 .\ J. V A J( A .M K T K h S F O M 

H 1 O H T E M I’ K K A T U K E V I S (M) S I I’ Y 

Large amount of ex])erimental data in lhi‘ ti‘mperatuie range wluu’e E(|. 
(2) is applicable exists for viscosity (lh3d, 11145, 195S, I hob). It was, hovv(‘ver, 
found that the constants A and p given by Annlur and Mason (IhoS) fail to r(‘- 
produce tliese data satisfactorily. Hence it was ielt desirable to obtain the cons- 
tants .1 and f) on the ex])onential mod<‘l directly from tin* viscosity <lata at high 
teiiiperatures. These constants are likely to re])roduce the transport ]>roperties 
better than those determined from the scattering data. The viscosity data lor 
He, A, N^, Oa ajid CO. in the temi»eratun5 range St)0"K lodtCK were utilised 
for this purpose. 

On the Chapman-Enskog theory the viscosity coefficient // is giveji to th(‘. 
first ap])roxiination as (Hirschfelder ei af.y 11)54). 

[vliX 10’ -- 2mA):\\/T A M r//cm-sec. ... (3) 

where T is the absolute temperature, M the moleculai* weight of the substance 
j 2 < 2 , 3 ) 4 t collision ijitegrals, cr is some arbitrary lejigth ])arameter which is 

defined by ^(r) and is given by (Monchick, 1050). 

= 8aV'*/(j:,){a)/(«f l)!Lr- 


... (4) 
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\\ here /, A- are integral jiuinbers, are in the form of integrals doponding 

ui)on a, and a is related to A in Eq. (2) by (Monchick, 1959). 

a - ... (5) 

Values oi’ the integrals are tabulated (Monehiek, 1959) as fujiction of a. 

(V)inparing Eq. (3) and (4) we get (/ — a* = 2, for i]) 

1, X 10’ 133.4GVr.J7/ay/(a)(,,2, (6) 

Iji Eq. (0) f) is t(unperature independent and a^/(a)( 2 , 2 ) is temperature dependent. 
Let and //g be the viscosities at temperatures 1\ and respectively. Then 

IVa/Vll ~ ^ 2/^^\)^(^lM2)*^[-'^(‘^)(2»2)]2/l^(^)(2»2)]l 

where |/(a)i 2 - 2 )Ji I^(<3^)(j>.2)]2 *‘e])resent the collision integrals c()rres])onding to 

OL^ and otg respectively. Hence by knowing the quantities //^ and //g ex])erimentally, 
values of A can be so adjusted that the right hand side of Eq. (7) becomes equal 
\.^l 2 h}i\expt' ])articular substance different ex])erimental values of the 

ratio LVi/ViJ ''"ei*e takcui and A values were found in c^ach (‘ase. The geometric, 
mean of the .4 values so obtaiiuul ^as taken as the t rue values of the constants 
for the sid)stan(^e. Once A is obtained the value p can be found from Eq. (6). 
The arithnietic mean of all p values thus obtamed was taken as the true value for 
the substance. 14ie valu(is of the constants thus obtained are given in Table 1. 
Eor the sake of comparison the values of the constants obtained by Amdur and 
Mason (1958) from scattering experimojits are also given in the Table 1. 


TABLE I 

Values of the constants ^4 and p on the exp-model 




From Viscosity 


From Soattoriiig 

{Siibrt- 

tanco 

A X ]0« 

orKw. 

p ill 

1 

Uaiige of rigid 
sphere d iamotcr 

0 

tq ill A 

.1 X io« 

orgH. 

P ill 

A 

Kange of rigid 
spheres diametor 

0 

To in A 

Ho 

0.0015 

0.225 

t.040» -1.984 

0.0018 

(K220 

j . 3 — 2.3 

A 

5. 125 

0.244 

3.100-3.214 

5.174 

0.224 

2 . 2 — 3.4 


1.053 

0.205 

3.202-^3.383 

2.103 

2.003 

2 . 4 — 3.6 

Oo 

l.OSO 

0.275 

3.082 -3.222 


•— 


CO 2 

l.UO 

0..328 

3,654 —.3.843 






The potential parameters determined from viscosity and scattering data are 

not quite consistent. 
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TABLE 11 


Substance 

T"K 

rj X Un g eiii.see. 
expt. 

V \ 10* g/cni. see. ealeuluted viib 
foret> eonslantH from 



Viscosity 

Scattering 


800 

38403r 

3873 

4042 


850 

4000« 

4049 

4220 

Ho 

900 

4154« 

4222 

4407 


950 

4304« 

4394 

4584 


1000 

44557’ 

4587 

4704 







800 

402 !»' 

4077 

5412 


900 

4900" 

4901 

5870 


1000 

5302»’ 

5282 

0203 

A 

1100 

r>«3e« 

5020 

0049 


1200 

5947»’ 

5948 

7t)44 


1300 

0250" 

(^272 

7437 


1400 

0532" 

0001 

7802 


1500 

0778'* 

09(M) 

8 i 90 


800 

3493' 

3379 

37(>4 


972.5 

3910'' 

3850 

4287 


1000 

401 P’ 

3929 

4307 


1020.7 

4017'' 

398(i 

4430 


1008. 8 

41 19'- 

4108 

4503 

Nii 

1120.2 

4210'' 

4240 

4710 


1100 

4374'’ 

435!» 

4838 


1220.5 

4401'* 

4499 

4984 


1273. 2 

4582'' 

4029 

5134 


1500 

5050'’ 

5174 

5728 


800 

41 15^' 

4131 



1000 

4720" 

4800 



1130 

5230'' 

5240 


Oo 

1106 

5382'' 

5342 



1203 

548(K 

5459 



1278 

5077'' 

5085 



1292 

5715'' 

5728 



800 

339P- 

3375 



900 

3070«^ 

3057 



1000 

3935» 

3925 


CO. 

1100 

42<»0" 

4188 



1200 

4453'’ 

4442 



1300 

4088" 

4730 



1400 

4912" 

4933 



1500 

5139'’ 

5109 



r Trautz, M. and Zink, It. (1930). 

» VaHiloHoo, V. (194.‘i). 

^ Kaw, C. J. G. and Ellin, 0. P. (1958). 

Raw, C. J. G. and Ellie, C. P., (1959). 

® Values obtained from the intorjiolation 


of available high temperature vittcosity 


data. 
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AK 1 SON WITH KXPKUIMENT 


(a) Vi\sr(),sily 

All obvious test oftlie success of any molecular model is its ability to reproduee 
various exj)eriineJital data with the same set of constants. In Table II, the ex- 
perimental and the (aleulated values of the viscosity coefficients of He, A, Oo, 
and CO^ at high temperatures are given. The calculated values on the exp- 
model from the force-constants obtained by Amdur and Mason (1958) from scat- 
tering data are also given. It can be seen from Table II that the experimental 
viscosity data are reproduced much better on the exjHUiential model with the force 
constants determined in the present work thaji with those determined from 

scattering data. This is due to the fact that the rigid sphere diameter range of 
validity of the two sets of parameters are different. Paramtders from scattering 
data are exfiocted to be more ajipropriate at still higlier temperatures. 

( 1 ) ) 1 nter-diffu-s inn coeJlfic i e nt 

The binary diffusion coefficiejit may be written to the first ap])roximation 
as (Hirschfelder et al., 1954) 

LZl.oJi - (S) 

where p is the pressure iii atmospheres, J/j and are th(‘ molecular weights 
of the sjiecies 1 and 2 res})ectively. Using the values of deter- 

mined with the help of Ecj. (4), the expressioji (8) for the diffusion coefficient on 
the exp-model becomes, 

0.002028 I (9) 

The cojistants .4 and for the ])air 1 -- 2 may be approximated by the use of the 

combination rules given by Amdur and Mason (J95S) 

i/p,, - \/2(ilp,+ \lp,) 

^^12 — (-‘‘1 1 ''' ^'1 2 )“ 

and a,.p is defined as before 

a,,-\n(AJkT) (12) 

The values of the integrals functions of a,, have been tabulated 

by Monchick (1959). 

lleeently Walker and Westenberg (1958. 195J) and 1960) have measured the 
inter-diffusion coefficients at high tempei*atures for a number of gas pairs by the 
“point source technupie." By using the combination rules, Eqs. ^10) and (11), 
the inter-diffusion coefficients for the systems He-A, He-Ng, CO^-Ng and COg-Og 
have beeji calculated by us with the force constants determined from viscosity. 


( 10 ) 

( 11 ) 
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The results of these calculations together with the eXiu'rituental values are given 
in Table TII. Examination of the results in Table III shows that the agreement 
between the calculated and the ('xperimental \'alues of tin* diffusion eoeffieients 
is very poor for systems involving dOo. This diserepaney iti the ease of (X)^ 
can be attributed to the fact that the (X)^ molecule is a much poorer approxi- 
mation to spherhial elastic particle than the other simple moleodes and the 
simple <!oml>ining rules valid for central force fi(*lds are not as a]i]iro])riate. This 
has also been observed by Walker and Westenberg, Further. Mason et at. (llMitl) 
have pointed out that the effect of excitation or charge exchange will be im- 
portant in case of high tem])erature diffusion and thermal diffusion in particular. 
Besides, multiplicity of the different interai tion em'igy curves goveniing eolltsions 
should al.so be takeji into account. 


TABLE III 

Calculated and experimental values of binary diffusion eoefticients for system 
He-A, ITe-N^. C(VNsj and CIVO^ 

/>j j cmii/Hoc. cal* 
f ilial 0(1 willi forct* 
(•oristniils from viHcoHity 


:i . Ho 2 
4 . Gl)2 
(5.0(17 


,‘{.074 

;{.H(jl 

4.747 

.•>.(>7(> 

(> (574 

().()232 
n.7794 
0.950(5 
I .i:m 
1 . 345 
1 .544 


0.()469 
O.H102 
0.9H72 
1 . IHO 
I .387 

The small amoiinl of cliscropaucy observed in the ealeulatefl and the experi- 
mental values of the diffusion eoeffieients for He—A at th(‘ lower tem])erature 
ean be explained by assuming that the diffusion eorres])onds to more pejiet rating 
collisions than other transport ])i*operties at tlu^ same temperature (Hirsohfelder 
and Eliason, 1057) and therefore the parameters from scattering data are ex- 
pected to give better agreement. 
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AN INTERNAL COUNTER CONTROLLED LOW 
PRESSURE CLOUD CHAMBER 

M. RAMA RAO 

Saha Institute of Nih'lk\b I’fiysk s, (^u rTTA 
(Jiernved February 15. liHII) 

ABSTRACT. A low proRHuro intomal countor ^•onl^nlU'(l rUmd cUainluM’ o])oni.<iiig 
at a presBuro of 8 cm of Hg is (lt*sfM’i!>c<i. Tho iiotails of th<' idoctrouit* (‘irfMiitry for runuiuj:; 
tlio ohambor automatirally are also presoufod. 

I. JNTKODUCTl OX 

During the early stagen of woik with cloud cliaiubt'rs, the instrument has 
been operated in a random fashion. In the study of rare invents as in (iosmic 
rays and other infrecpient nuclear ynoeesses, th(» chances that an iojiiziiig event 
passes through the chamber right at the instant a random ex])ansion is initiated 
l)eing very uncertain, om‘ has to take a prohibitively la?g(‘ number of ])hotographK 
to get any useful information, for most of the ])hot()gra])hs will go blank. A 
random mode of operation, therefore, suffers from the drawback that an investi- 
gation undertaken along sucii lines is very ujn*conomical from th(^ point of view 
of the larg (5 film consumed and the long time involved. Sm^h a situation was 
answered for the first time by Blackett and Occhialini (11)31^) wh(», while conductijig 
experiments on cosmic rays, (evolved a new technkjm^ in wliich the release* 
mechanism of the expansioji (‘loud chamber is actuated only in the event of an 
ionizing particle traversing through the chambei'. The t(Mdini(pie is w(dl knowji 
An array of Geiger counters is pJacied external to the cloud cliambcr at the top 
and bottom and when the charged particle under cojxsideratifui traverse's through 
all the three constituents of the assembly, the (dectronic counter circuits give 
rise to a triggering pulse within a few microseconds of the travel of th('- chamber 
by the desired ionizing particle which releases the expansion mecdianism and puts 
a series of other electronic controls into ojieration thus making it possible to have 
the tracks automatically photographed. The vast ini])rovement in effi(*ien(;y 
aiihieved by working the cloud chamber in coiijiinctiou with Geigci' counters has 
made this arrangement a standard practice with all j)rescnt day cloud chambers 
which are knowii as counter controlled cloud chamber”. 

But in the investigations of low energy particlt's produced within the chambef , 
the control arrangement with the aid of external counters would bo of little avail, 
since the particles with their short ranges are absorbed within the w'alls of the 
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chamhof itKolf, thereby ]»reventiug the partielcft from reaching the counters placed 
outHulo. ITndor .such cireiiniHtancos, it would, therefore, be an appropriate choice 
to place the counter inside the chamber itself. Bridge ef al. (1948) and Leighton 
ft (d. (1949) have tried to work with thin- walled ion chambers and (Mger counters 
in the sensitive volume of the chamber. But even with the conventional 
coimters placed inside Ihe cloud chamber, the particle could still get bsorbed 
aby the cathodt' of the counter which normally is a hollow thin eop])er 
cylinder sealed within a glass euvelo])e. This difficulty was overcome by Hudson 
and Loria (1950) who first siu ceeded in controlling a cloud chamber by using an 
“of)en counter " in which the (*athode consisted of a cylindrical arrangement of thin 
rods or wires, instead of the usual metal tube. Thus by using wire electrodes 
wliic'h defined the cathode configuration of the counter inside the chamber, 
it was ])ossible to make the counter volume a part of the sensitive region of the 
chaml)er and there was no material ex(‘ept the filling gas itself to retard the motion 
of the low energy particles. They opcTated the cloud chamber and conse- 
({uently the counter at a pn^ssure of 1 .5 atmosphere's and the filling mixture used 
was argon saturated with ethyl ah'ohol vapour. 

In the ])reseut work, the technhpie of internal counter controlled o])eration 
has l)een extended to very low ])ressures. This ])aper includes details 
of the electronic se(|uence (drcuitiy for running the cloud chamber automatically, 
togethei’ wit-h some ])reliminarv results testing the working of the instrument. 

II. K -X r K U T M E N T A L A U li A N ( J E M E N T 

When an ionizing event takes })lace within the cloud chamber, the gas inside 
is ionized and th(' (dectron component of tlie ionizerl gas is collected by the {central 
wire of the pro])ortional counter operated within the chamber at a jiositive high 
])otenlial. Tlu' electronic counter circuits thus give rise to a triggering voltage 
pulse and this pulse is used to set off a secjuence of events so as to make a photo- 
graphic record of the tracks of the <‘harged particles automatically. 

Fig. I ])resents the blo(‘k diagram of the electronic timing circuit for the 
expansion chamber. The events take the following set|ueuce : 

1. Tlu^ (‘ounter ]mlscs are passed through a preamplifier and then suitably 

amplified by means of a high gain amplifier. 

2. The ])ulscs are admitted into a discriminator circuit wliere pulses due to 

the desired events can be discriminated. 

2. Th() dis(Timinated pulse is employed to run a high voltage quenching 
circuit which removes the high voltage on the counter before the positive 
ions along the path of the incident particle have had time to move any 
appreciable distance and the track is therefore visible and undistorted 
even within the sensitive volume of the counter. 



An Internal Counter Controlled Low Presmre, etc. 363 

4. The same jmlse aiter diserinhuatioii is utilised to optui the ex])ansioii 
valve which goes to eoiuplete the ex])aiisioii of the eloud chaiiibei*. 



I , BNiok (lia^^ram foi- nuiomatir operation of the ejtnwl eliainher. 

5. The flashing units are fired after a suita])le delay to illuminate the tracks 
of droplets formed and the camera catches th(‘ ])hotogra])li of tlu‘ ev(*nt . 

6. The camera automatically winds up providing fresh film for a suhse- 
(juent event. 

7. The pressure in the hack chamher. thert^hy (‘Xpansion ratio, in t in* juean- 
time, is automatically adjusted ajid tin* cliamla'i* kc])t i*t‘a(ly foj* another 
(‘xpansion. 

in. OON'STKUt^'r 1 ONAJ. PFTAJLS OV I' Ji K (‘OUN'rKK 

The counter is mounted across the middle of the cloud chamher, the details 
of v\hich have been published elsewhere (Ivama Rao, ItHil). 'J'hc* countei* is 2(> 
(uns in length and 3.0 ems in diameter. The cathode ass(‘mhly ot tin* counter 
is defined by four rods I mm in diameter suj)port(‘fl at. tin* ejids by cop[)<‘i- 
rings. The anode is a 3 mil tungsten wir<‘. stretcln*d axially vith respect to 
the cylinder defined by the cathode assembly. The cathode su])])ortijig rnigs 
are fitted with pers])ex di.s(ts. 3\) one t‘nd of the anode wire a glass fiead is 
fused and held against a small hv)le at the centre oi the ])ers])ex disc. The 
other end of the wire is taken fhrotigh the centre of tln^ ])ersj)(*x disc facing 
tlie previous one and is fused into a brass screw and the win^ is ke])t straight 
by applying suitable tension and tightening the Juit against tln^ ])erspex disc. 
Proper care is taken to prevent any twisthig of the wire while fixijig up. A 
connecting lead is soldered to the screw and brought out through a narrow drill hole 
in the wall of the perspex chamber. The chamber is made leak tight at this 
point by applying transparent glyptal. The whole counter assembly is mounted 
on two rigid supports made of (*opper that take the form of brackets bt*nt in th(^ 
form of a right angle and screwed on firmly to the metallic flange of the (chamber. 
Thus the cathode of the counter is kept at the ground ]>otential by grounding the 
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metallic ciwiiig of tiie cloud chamber. The details of mounting the counter 
v\i thill the (chamber are shown in Figs. 2 and 2a. 



IV. CHOICE OF OAS-VAPOUK FILLINO 

Fa the present set-up, the projmrtional (iounter which is incorporated within 
the cloud cliambor is not isolated from the <-hamber volume by glass envelope 
whatsoever, but forms a jiart of the sensitive region of the chamber itself. Such 
being tlie case, the choii^e of the gas-vapour mixture fiUiug the chamber 
comes up as a major cousKleration. The same gas-vapour composition must 
play the dual role of a satisfactory cloud chamber filling mixture for obtaining 
good tracks and at the same time a .satisfactory filling for operating the counter 
III the proportional region. 

When an ionizing particle moves through the gas of the counter, it gives rise 
tea number of electrons and an equal number of positive ions along its track. 
Ihe electrons created by the primary ionizing particle can be drawn towards 
the anode which is maintained at a positive potential. If the attractive voltage 
acting on the electrons is suitably adjusted, the electrons can be drawn into the 
near vxcmity of the wire and there they enter a region in which the field strength 
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rapidly increases in magnitude. Thus in traversing through a short (iistaiue, 
the electrons originally produced along the track now acquire between collisions 
with atoms and molecules sufficient kinetic energy to result in further imiltipli- 
{•ation of ions due to se(*on(laries which remain proportional to the initial ioni- 
zation as long as the counter is opc'ratecl in the ])roj)ortional r(*gion. It can thus 
be seen that such gas multiplication is possible only when the elect rojis remain 
freely mobile and the gas-vapour com])ositk)u does not exhibit appreciable elec- 
tron affinity. For this reason, oxygtm and water va])oiir l)oth of which have 
great affinity for electron attachment harl to be excluded from the chatiiber 
filling. A filling of commercial argon (ffil.8% purity, oxygen-fnH‘) and isoamyl 
alcohol has been found t.o be a satisfa<‘tory mixture' for o|)(‘rating the chamber in 
the region of 5 cins of Hg. Detailed investigations oii the choice of gas-va])our 
com})osition had been undertaken and the restdts wei’c' (*r)mmunicated in an 
earlier paper (Rama Rao, 1961). The same com])osition is now found to go 
A\ell with the counter operating in the pro])ortional region. 

V. INTKKNAb (M)LTNMEK OPERATION E O Jt EXPANDINO 
TJIE < IwOXJJ.) OH AM PER 

The anode of the counter is operated at a ])ositive high ])otential whiU^ tlie 
cathode rods arc earthed. When aji ionizing ])articlc ])asses through the (‘loud 
chamber and th(*reforc the counter, the gas inside is ioiiiz(‘d leaving positive ions 
ajid elecd-rons. Since pure argon has been used as the jx'rnuwu'nt gas in the (doud 
chamber, there is very little tendency for the electrons to attach themselves to the 
gas molecules to form negative ions. Thus all tlu* electrons an' jiow accelerated 
towards the central anode wire of tin' counter and get collected there. Tin* 
iK'gative pulse collected by the wire is anq)lificd by a high gaiij linear amplifier 
ajid is utilised in bringing about the ex])ansioii of the ( loud (‘hamber. 

The collecfion of c'lectroTis by the counter is com|)leted within an interval 
of a few microseconds. Tt is known that the mobility of elect rons is much higher 
than that of the heavier ions. This leads to the advantage that if the voltage 
pulse due to the electron collection triggers the expansion of the cloud (diamber, 
the slow positive ions, which have not had time to diffuse to any aj>preciablc (ex- 
tent, would act as condensation nuclei for the va])our and ('liable to obtain a 
photograph of the tracks that arc responsibh^ for triggering the charnbei*. 

The present counter with its dimensions numtioned earlier lias a suitable 
proportional region over t-be lange 850-1960 volts when ojierated at pressures of 
8 ems of Hg. With this set of ojierating (umditmus it has been found jioHsible 
to rejiroduce the pulse sizes in the ('oiinter over a period of 2 to d days. 1 hereaftei , 
the pulse size diminished steadily owing to (diange in the com])osition of the 
gas-vapour mixture as a result of slow diffusion of air into the chamber through 
the rubber gaskets and also due to release of oxygen and moisture from the nails 
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of the i)orHpi*x chamber. It was thus found in'icessary to exhaust the chamber 
once in W days and refill the (•hami)er to have a rei)roducible counter performance. 

VJ. KLKCTKONTC CIKCUTTKY FOR 00 UN TER OPERATIOK 
( ) V I ’ 11 E V^L O IT T> C H A M B E R 

It is proposed to discuss here in some details the functions and performance 
of the different electronic circuits used in the operation of the instrument. 

a) Amplifiet' amt iJiscrmdriator 

Th(* negative pulses from th(* anode of tlui counter an‘ taken through a cathode 
follower ])re-amplirier to the main amplifier. The prc-ainplificr (Fig. 2) is placed 
ch>se to the cou liter and this is necessary ])ecause the grid of the input stage must 
be as close as possible^ to the elect ri(uil detector in order to keep capacitance at 
a minimum. Shielded cables of short lengths have been used to carry the puLses 
from tlu‘ counter to the input of the pre-am})lifi(u-. The output from the ])rc- 
amplifier is fed to the in]mt stage of the main am])lifier at the ])oint A. 

The pulse amplitier used (Fig. H) has two three-tube feed back loops each 
with a gain of 100. Thus the total gain is l(P and can be varied by means of coarse 



and line iMUitrols. 'fhe measured band width of the amplifier is roughly 1 cm. 
It is identical with Model 100 pulse amj)lifier described by Elmore and Sands 
(1949) with the exception that equivalejit miniature tubes liave been used to derive 
the advantages of their low interelectrodc capacitances. Shielded coaxial cables 
have been used to carry the pulses from the pre-amplifier to the ini)ut of the 
main amplifier and sufficient care has been taken to shield the amplifier ade- 
quately in order to avoid pick-up of transient electrical disturbances. 

The positive output pulses from the amplifier are taken through a cathode 
follower and are fed at the point B to drive a voltage discriminator circuit 
(Fig. 4). 

The bias voltage of the discriminator is adjusted by setting the potentiometer 
so that the circuit triggers for input pulses of pre-deterniined amplitudes. Out- 
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pit pulses <.f approxinmtely 80 veils amplitude are taken from the plati, „f the 
second tube of the discriminator and are used to drix-e the volla.-e ouenehing 
circuit and the sequcjico circuit. ^ 



b) High voliage quenching circuit 

Tt is necessary to I’eiiiove the hi^h voltage on the ])rop()rti<mal comitei’ as 
soon after the coliection of the electroji component of tlu* ionization (‘veiit as 
])ossible so that the positive ions have had little time to disperse in the gas 
medium under the action of the strong electric held in the vichiity of the 
counter, which other-wise would result in broadening and distortion of the 
trai^ks. A portion of the track is also lost in the scjisitive volume of the counter. 
The lowering of voltage on the counter much l>elov^ the oj)erating point is 
achieved by using a (juenehing circuit in t he voltage supjily of the jjroportional 
counter. 

The operation of tlu^ voltage (juenc.hing circuit is explained with refereiU'C 
to Fig. 5 and Fig. 2. The discriminator pulse is taken to ]>oint (! ol the voltage 



Fig. 5, High volt^ige quenching circuit 
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qucuchiug (*ircuit which is cDrnimsed of a cathode coupled niultivihrator circuit 
and a voltage <iucuchi!ig tube’. Type ()SN7 tube is used for the multivibrator 
part of the c;ircuit and type 807 is the quenching tube. The plate point of 807 
is tied to the anode of the counter through a 2Ma resistor. The plate point of 
the (conducting half of 6SN7 is connected to the grid of 807 tube so that the grid 
of 807 is inaintahied at a high Jiegative potential with respect to the cathode and 
the tube does not draw any current. Therefore, at the start the full voltage 
applifcd on thtc (counter also resides on the plate of 807. Now when the multi- 
vibrator cir(cuit is triggered by the incoming ])ulsc, the conducting se(ction of 
r)SN7 tube becomes non-conducting and the grid of 807 is raised to zero potential. 
The 807 tube ]iow (conducts and there is a voltage drop across the plate load of 807 
which is ex})erienced by the counter anode. The voltage on the counter is thus 
lowered from a j)ositivc high voltage to a few volts in a very short interval of time 
and the voltage on the (counter remains lowered until the multivibrator recovers 
to its normal state, determined by the CR value of the circuit which is of the order 
of a few seconds. By suitably adjusting this delay, the voltage on the counter 
has been kept lowc’cred until the cloud (chamber expansion is completed and photo- 
graphs of traccks have been obtained. 

(c) Sequmce control circuit 

The sequeiKce circuit (Fig. b) includes the chamber expansion device and other 
auxiliary time sequemce control circuits for the flashing of lamps, whidhig the 
caim^ra, and resetting the chamber after every cycle of oj)erati(>n. 



Fig. 6. Timing sequenc^e circuit, 
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The magnet i*oil uf the high vatMiuth iiiagjieth* vnlvo A\’hic*fi hriiigs about 
the expansion of the elianiber is iiieliuled in the plate ( ireuit of (iVb tube. The 
magnet is of the type that normally remains elosed under gravity. The grid 
bias on 6Y() tube is initially maintained sutfieu‘ntl\’ negativ’o such that tlu' tid)e 
does Jiot eojiduet and hence the magnet is not energized. Tlu^ grid of iWii tube 
is tied to the cathode point of tlie thyratron tube 2051. When the voltage pulse 
from the discTiniinator is fed to the grid of 2051, the tube fires and the voltage 
developed across the catJiode resistor of 2061 raises the grid ])otential of 
t’O zero Volt and makes ()\ t) cojiduct iug. Th©])!ate di’aws eurreiit and the magnet 
coil is energized, thus o])euing the magnet valve so as to ex])and the chamber. 

R.^ is a relay operating in series with the magnet coil. Normally th(‘ relay 
is in the off-position and is eneigized along with the magnet coil of the maiji (‘X- 
pansion magnet. With the hel]) of F*elav R.,, two (uic uits are opcuatcnl with suit- 
able delays introduced in their paths. The circuit operated from one set of ('on- 
tact points is intended for running flashing imits and th(‘ one from th<» other set 
drives a time delay cam motor (T.I).( -.M.). 

The action of T.L).(MVI, can be^understood as follows : Wh(‘U tlu^ relay R;i 
is enei'gized, H.T. is sujiplied to (bedplate of 6Lt> thus making it conducting. 1’he 
relay R^ which is in tiu* plate circuit is now energized and th(‘ ])rimary circuit of 
the transformer vvliich is connected across the contact ]Kunts of this riday is 
completed. A 24 volt mot(»r is o])erat(‘.d from th(‘ secondary of the transfornuT 
and the speed of the motor is cut down by suitable reduction gear system. Cams 
Cj, C2, C3 are mouutcMi axially on the shaft of the motor. 1'he cams are made of 
small circular perspex discos. Shallow slots of varying widths are cut on the 
periphery of these* discs. Three contact switches are mounted on an insulated 
base plate <dose to the discs such that (he switches sweep out the periphery of 
the ])erspex discs as the motor shaft carrying these discs begins to rotate. When 
one of the prongs of the switches fads into the slot, the contacd breaks and the 
corresponding circuit operated by this ]>articular switch is disconnected. Tlius 
the elevated portions on the three cams determine, the time scale for whicdi a 
particular circuit is held in ojieration. A magnified ])icture of the time delay 
earns is jnesented in Fig. 7. 

When once the thyratron is fired and the sr'Cjuem e circuit is put into o})oration, 
the cam begins to rotate until the switch on (;am interru])ts the jilate voltage 
of the thyratron tube. The time for a <*omplete revolution is set at. 3 minutes 
and this gives the operation c.ycle of th(‘ cloud chandler. It can thus be seen 
that the magnet coil of the e.xjjansioii magnet also n^mains eiuwgized for the whole- 
time the thyratron is in the conducting state. JBut W6^ wish to return the magnet- 
valve to its normal (ondition as soon alter photography of the ionizing event as 
possible so as to isolate the back <-hamber from the vacuum ballast and raise the 
pressure in the back chamber to the present value by arlmitting air through an 



370 


M. Rama Rao 


•uixiliar y air admit taiico valve, fletailK of which have been described in an earlier 
y>aper(Hama Rao, IbOl). The magnet valve is returned to its normal position 

^3 



by short circuiting the magnet coil. This is done witii the help of relay Rjj which 
operates through th(^ (ioiitact swit(di momited on (^am (/g. The slot on earn 
('2 is slight ly displaced with rcspjct to the one on cam Cj so that as the cam rotates 
the switcdi on cam Cg comes into operation a little while after the expansion is 
eom])lete. As soon as the relay K .2 is pulled down, the magnet coil is short cir- 
cuited thus shutting the valve and a 2K resistance appears in series with the relay 
coil R.J keeping the total plate load of 6Y6 unaltered. The magnet coil is thus 
short circuited for the (‘omplete cycle, as long as th(^ contact- switcdi on Cg is closed 
which is released only after the contact switch on is opened. 

d) Flashing circiiit 

The tracks of ionizing particles arc photographed under strong illumination 
which lasts momentarily. The illumination is provided by two Mazda flashing 
lamps F.A.2 with a rating of 2500 VI)C and 500 joules dissipation. The circuit for 
operating these tubes is showing in Fig. S. 

Along with the expansion of the magnet, the relay Rg is energized and through 
one set of contact points of the relay Rg voltage is applied to the relay Rg which is 
energized after a delay determined by the CR value in the circuit. Closing of the 
relay contacts gives rise to a positive pulse from a battery of 45 volts which is 
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fed to the point F to trigger a cathode cou])lcd inultiviliratoi* (Fig. S). The nega- 
tive rcetangiilar pulse taken from the plate of the first half of ()SN7 tulie is dif- 



ferentiated by the !ir>pf and lOOKo net work. Tii(‘ ])ositive spike of th(‘ dif- 
hu’entiated pulse is utilized to fire 1h(‘ thyratron tube 2050. The triggering aetioji 
of 2050 can be delayed with respect to the m]>u1 ])ulse at F by 5 Mil ])otenti()- 
nieter. When the switcliing action of the thyratron takes ])laee, a 2//f eondensei* 
which is previously charged to 300V is now discharged ])roducing a current surge* 
in the primary of the Igjiition coil (l.(\). The high voltage ])ulse (h‘V(*lo])(‘d across 
the secondary which is of the order of several KV is a])])iie<l to the trigger electrode 
of the flash tubes. Two banks of condensers, each (>4//f, connected a(*ross tht^ 
flash lamps and charged to 1500 volts D.C., get discharged through tlu* tubes 
owing to the breakdown of tin* ga]) betv^’eeu the electrodes as a result of tlu* 
sudden rise in the electric field and thus an intense burst of light is obtained. 

e) Photography and film irinding 

The camera for taking stereo.scopic pic-tures is mounted vertically above* the* 
cloud chamber. The camera is of the opcui shutter type and heme the cloud 
chamber had to be operated in a dark room. 

After the event has been photof;ra])lie(l, the film is wound up and set rea<ly 
for the next pholof?ra])h. 'J’his is done by a slow motion motor (F.W.M.) w hich is 
kept in motion by the operatioji of the contact switch on cam t';,. The time 
for which the motor is running to wind u]> the exposed ])ortion of the film is deter- 
mined by the length of the slot on the cam 

f) litsti mechanism 

When once the thyratron of fhe sequence circuit is fired and the sequence 
circuit put into operatioii, the grid loses ils control on the performance* of 2051 
tube and the tube remains conducting and consetjiH*utly the associated circuiits 
on, until the switch on cam interrupts the plate voltage on 20ol. As the cam 
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rotaif^s aftfn* a c*oiti])lete oyt-Ie of oporatioiis of tJie sequence when the slotted por- 
tion faces the switch on ("Ji, the voltage on 2051 is removed, rendering it non- 
conducting and thus the rest of the circuit is thrown out of action. The circuit 
has to t)0 set ready for a subsequent operation by restoring the voltage on the 
I)late of 2051. This is achieved as follows : 

As soon as the sw itch contact on cam is broken, 2051 is extinguished and 
hence OYO becomes non-conducting, de-energising the relay R3. Though the 
jilatc su])ply for OLO tub(* w hich it gets through the relay (contacts of R3 is cut 
off, the charge accumulated l)y the 32//f cojidenser su])plies the voltage for the 
relay coil Rr, and bolds it in the on-]HJsition and consecpiently the T.D.C. motor 
rumiing. This continued operation of the motor for a little while after the 
main sources of su])ply voltages is cut off ova^rshoots the slotted portion of the 
cam Cl so that the contact of the switch oJi Cj is re-established and occu])ies the 
position ijidieated in (Fig. b). The plate voltage on 2051 is thus restored and the 
tube is rc^ady for trigge?-ing on the arrival of a fresh pulse at the grid of the tube. 

g) Spurious operation of the chamber 

It was occasionally detected in a few' })lank operations that at the time 
of establishing the sw itch contact on cam (/, after a com])lete cycle of operatiojis, 
due to faulty contact, a spark at the contact i)oint w^as a source of disturbance 
which after having bcHMi pickcnl u]) and amplified is fed to the grid of 2051, thus 
driving the circuit and giving a fake exx)ansion without a r(‘al |)ulse from the 
counter being fed. 

This was avoided by cl(‘aning the conta(ds regidarly and also by ejisuing 
siuooth contacts f)y adjusting the gap between the contact points. Additional 
])recaution w^as taken to ground the grid of 2051 during the lime the switch 
contact Avas being established. This can be understood by referring to the 
operation of relay Ri in {Fig. 0). When the contact switch is in the slotted 
portion of (‘am (Ij, the relay R^ is disengaged and the input to the grid of 2051 is 
grounded through a pair of contact points of relay R.^. Whcji the contact switch 
on cam 0^ is being pulled out of the slot and voltage on plate of 2051 restored, 
the relay R.^ is energized but slowly owing to the high value of the capacitor, 
2000//1*, thus the grounding of the hiput to 2051 is released only after firm 
(H)ntaet of the cam-switch is established. 

For the time the grid of 2051 is grounded, the grid of 807 tube is also kept 
at ground potential by connecting the grid of 807 at the contact point S of relay 
Rj. This brings about the removal of voltage on the counter once again thereby 
avoiding th(‘ production of fresh ionization by discharges in the counter. 

^ Vir. RESULTS AND DISCUSSION 

A preliminary testing of the set-up has been made by initiating the expansion 
of the cloud chamber using a-pulses picked up by the counter. Fig. 9 show's 
a photograph of a-tracks obtained at 8 cm of Hg. 
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FljL(. D. Photo^rapli of ^v-< nN-kn obfained at 8 ciiih of Hg ar^oii muI jso nii'ay] 

tilcoho] as mixtiir<' 

If. may bo montidiiod lioi*(‘ thal llm (jualitv of tracks mainly flo])on(ls ii])on 
the diffusion of iojis. The w idt h of the track is a fmict loii of the s])eed of expansion 
which is dofiiKMl as llie tirrn^ <‘lapsed between th<‘ monnMit th(‘ particle ])aH8es 
through the counter and tin* acliiev^cment of the ex])ansi<)ji of tin* chamber. The 
time takeji by tin* magin*t to op(‘n fully is the ])r(‘doininant factor for obtaining 
sharj) tracks as tin* d(‘lays introduced hi tin* el(*ctroni(‘ circuit b(*ing of negligible 
order. The magiK'tic* valve* used in the pieseut (*xperim(*nt is a high spewed ex- 
pansion valve and a rough (‘stimate shows that it is of tin* order 5 m.scc, 
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THE CRYSTAL STRUCTURE OF BENZALAZINE 

IT. C. SINHA 


PirYSH’S Dki*ahtment, Ai.lahabad Univp.tisity, 

Allaitabai), India 
(Beceired April 22, HXil) 

In an earlier eonimunication (Sinlia, 1959), the space grouj) of benzalaziiie 
along with other crystallograhic data has already been jinblished. However, 
the axial lengths were redetermined from high angle Bragg reflections in Weis- 
senberg ])hot()gra])hs by the method of Upson and Far(iuhar (1946), after neces- 
sary correction for film-shrinkage error, etc*. The revised values of the axial 
parameters thus obtaiiu'd art* 


- 13,09 A 


1 1 .76 A 


y a - - 7 - (M)^ 


7.62 A 


the spac^o-group being containing four molecules jier unit cell. This 

space-group (*ontaining a centre of symmetry has eight equivalent points in the 
unit (*ell. The structural formula of the molecule of benzalaziiie is . CH : 
N. N : CH. (^ftH^. It shows that the molecule has a centre of symmetry. This 
indicates that the centre of the N— N bond must lie at the centre of symmetry 
which has been chosen to be the origin of the (*()ordinates. 

The relative intensities of the reflections hko, hoi and old were measured by 
photographic; method, absolute values were obtained by comparing these with 
the known absolute values of of aluminium and hence the structure factors 
were obtained. 


374 



Letters to the Editor 


375 


The intensity of (002) diffuse reflection su^r^r(.st(Ml Ihat the orientation of 
the benzene rinc; of the nioleonle Avoiild be near about (001) plane. In addition, 
by a consideration of the hi^h intensity {hko) reflections of higher indices usinsr 
the method ado])ted by Uoliertson and White (1045) for coroiiane, tlie approxi- 
mate co-ordinates (.r. y) were obtained after givirit; a few trials. T'^sin^f these' trial 
coordinates, the phases ot the structure factors calculated for <*om])\itinn 

tlie eh^ctroji density ])rojection />(.r // o) alonjLrlOOl] with the observed vahu's of 
the structure factors Y(hk()), The prelimijiary stnndun' thus obtaiiUMl was ii*fined 
])y three successive |001 1 axis Kouriei* projections to ^j;ivc tlu‘ inoie and more 
a(‘curate values of x and y co-ordinates. Trial ;:-(*ooi(linates were worked out 
from th(‘ standard bond lengths of the molecule in onh'i* to ('aicniate Hit' ])has('s 
of {hoi) reflections. The - coordinate's were fbially dc'tcMrnined from tin' s(‘cond 
electron density projetdion i)(xoz) obtained with tin' obsc'ived vahn's of V(hol). 
The co-ordinates of th(‘ benzalazinc molec'uh' ar(' ^ivi'U in Tahh' J. 
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X 
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I .70i 

! 0.14,; 

tv. 

4.84:i 

0.027 

i 0.03., 


3.49r. 

0.30,. 

-I 0.40 


The reliability index factor 




came out. to be :),2(t for ¥(hk(>) reficflioiis and 0.24 for ¥(hol) rellecdionH. In the 
calculaliou of the .struetuve factors, Ihe atomic scatteriufi factors for earf»ou and 
nitrogen (Me Weeny, have l)een used after imposing an isotropic B-factor 

of 3.0t)xl0- i«. 

The structure of i)enzalaziue is Iwuiig further refined by the method of 
difference synthesis and other standard methods and tlie detailed tesults will ho 
published in near future. 
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WING OF THE RAYLEIGH LINE RECORDED WITH A 
SELF-RECORDING GRATING SPECTROPHOTOMETER 

S. C. STRKAK, S. B. ROY and D. K. GHOSH 

OPTirs DKPAirOJBNT, 

Indian Association foji the (’oi/riVATiosr of Scien(E, (^ajr cTTyv-:ii» 

{Ifeceiovd March IlKH) 

ABSTRACT. A HolI-roGordiii.^ s[M‘(‘tro]>h<)t()met(>r hns boon cnuHtnn'tod usmjj: a 
Bausch and Lornb piano gralin^^ with I^borf moimliBg, tlmrtt'on-dyuoHo j)h()tornulti]>lior, 
a L).C. ainplifior and a Houoywoll-Hrown jion ro^•^^^^OI‘. Tho i’osolnfion ih fouiul to bo nni(‘]i 
liighor than that given by th(5 oornrn<*roial recording six^ctrophotomoters in which prinniH 
jiro UHod as the dispersing system. 

rh»> wing of the Kayleigh line du(‘ to l»en/.ene at dirionnit tcm]M'niturcs anO that 
I o 1 iquid oxygon have boon studied with tins instrument . Ihm/ene at r> shows t w«) broad 
maxima in tlie whig which disajijiear when tlie liquid is luuitcd i o 75 (’. bH|uid oxygtai sJmwH 
a feeble wing with inflections about ttS. 411 and liO crn-i away from thr' Kayleigh line. These 
results have been discussed. 


i N T K O D IT (’ 'r I 0 N 

TIhmihc of plane grating with Ebert mounting (El)crt, l8S9)as the disporKing 
system in a recording monocfiromator v\as discussed i*(‘(^cntly by F'astit^ (1952) 
who constructed such a monochromator with a resolving power of aliout 9J0(H) 
in the first order. Besides llic high resolving power tho monochromator has 
also high light gathering powTr. in this respect such a monochromator is better 
than most of tho commercial rccMmling spectrophotometers in whii*Ji prisms are 
us(hI as the dispersing system, A recording spetdrojihotometcr with high resolv- 
ing power has another advantage which is not possessed by spectrogra]>hs having 
high resolving power. Fur studying the relative intensity of a weak satellite or 
a feeWe wing close to an intense line the photograjdiic method is ipiite unsuitable, 
because the exposure necessary to record the vv(‘ak satellite makes the stronger 
line overexposed and scattering in the grains of the emulsion makes the width ol 
the line much larger than its actual width produceil by the dispersing system. 
Therefore, the photographic method is unsuitable for tlie study of distribution of 
intensity in the wing of the Rayleigh line. As the true distribution of intensity 
in the wing might throw^ some light on the stnudure of tho liquid a programme 
w^as undertaken to study it with the hel]) of a si^lf-recording grating spectro- 
photometer and an attempt w^as made to construct a spectrophotometer similar 
to the monochromator constructed by Faslie (1952). The performamie of such 
a spectrophotometer constructed in the laboratory and also some preliminary 
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results of iiivesti^atiuus oji the distribution of intensity in the wing of the Rayleigh 
lino have been discussed in the present paper. 

D E S ( R I P T I O X OF THE SPECTROPHOTOMETER 

A Bausuli and Loinb plane grating of dimensions 65 min x 76 inm with 2160 
grooves ])er mrn and blaze angle of 40'’23' was used as the dispersing system. 
A schlieren mirror having a radius of curvature 150 cm and aperture about 20 cm 
was usi‘d botli for eollimating the incident beam and hxaising the diffracted 
beam on the (^xit slit. Tlie mounting is symmetrical, the plane of the grating 
is v(‘rtieal and th(‘ scanning arrangement is similar to that in Fastie‘s monochro- 
mator. The reversible J).C. motor used for the scanning is, however, run by a 
stabilised voltagt‘. 

A 6256 ])hot()multi])lier tub(‘ su])plied })y E.M.I. Research Laboratories of 
England is used as th(i detector. The tul>e is mounted coaxially in a horizontal 
])rass cylinder surroundc^d by a s])iral of co])per* tubing through which alcohol 
cool(‘d by li([uid oxygen (-an be circulated to cool the photomultiplier tube. 
Th(‘ window of the brass cylinder is provided with an annular electric heater to 
])revent- condensation of moisture on the window of the photomultiplier tube. 
The maximum voltage a])])licd to each dynode is about 155 V. A voltage stabliser 
purchased from TTungary and capable of sux)plying 3000 volts is used to supx)ly 
the voltages to the dynodes. The electron current from the anode can flow 

D C ftMPuirnw CiacuiT 



Fig. 1. Cirouit diagram of D.C. amplifier. 

through any one of the resistances of values lOK, 40K, lOOK and 1 Megohm 
depending on the sensitivity required. 
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The output voltage of the photomultiplier tube is iuni)litie(l by a 1).(\ ampli- 
fier designed on the principles of the circuit used by C.liien aucl Bernier (1947), 
The circuit had, however, to be modified in order to make it suitable for use 
with a Honeywell and Brown pen recorder. It was found initially that when the 
potential -drop across a high resistance was used to drive the pen rtn-ordej- the 
pen became sluggish during its return sweep, broadening thereby the base of the 
peak due to any spectral line. So, the output of the balan(*ed-bridge D.(\ ampli- 
fier was fed to two cathode followers in balanced condition to r(*duce the effective 
resistance. The circuit diagram is given in Fig. l.JfA photograjfii of the whole 
fassembly is reproduced in Fig. 2. 



Fig. L>. Photograpb of the recording spcctrophotomplor 1— tTnsilvorod tDcwarJflaftk 
of Pyrox glass, 2— ear system for turning tho grating, 3- -Schi I loran con- 
cave mirror, 4— All-metal body of tho sport rograidi, T) - Pliotomultiplicr 
mount covered with black cloth, 6- Pon recorder, 7— High voltage stabilizer, 
S—Jy. 0. amplitior, 9— Stabilizer for I). anii)hfier. 

E X P E K 1 M E N T A H 

In order to study the wing of the Rayleigh line due to beiwene a horizontal 
Raman tube of diameter about 25 mm provided with a jacket was used. Ice- 
cold water w'as first circulated through the jacket and the temperature of the 
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li(jui(l wan thero}>v brought down to 5'^0. After recording the wing accompanying 
the Rayleigh line 4047 A of Hg, the liquid was heated to 75°C by circulating hot 
water through the jach(‘t and the wing in the same region was again recorded. 
Several records were taken for each of the temperatures to verify the genuineness 
of the curves. 

A si:)ecial Dewar vessel of Pyrex glass was made for studying the wing due to 
licjuid oxygen. Two plane parallel Pyrex discs were fused parallel to each other 
iji a horizontal position in the two walls at the bottom of the Dewar vessel. 
A Pyrex glass tube with blackened tail and closed at the lower end was placed 
inside tln^ Dewar vessel with its tapered and blackened tail at the top. The 
Dewar vessel was then filled up with liquid oxygen filtered with filter paper. 
The liquid filled the inner tube by entering into it through a hole in its wall. The 
s(tattered light coming out through the bottom of the Dewar vessel was reflected 
by a right-angled prism and focussed with a lojig-fociis lens on the entrance slit 
of the spectrophotometer. Finally, the record of the s})ectrum of the mercury 
lines reflected by gray paper was taken to coinj)are the width of the peaks with 
those due to th(‘ scattei'od liglit. 

P E S IT L T S AND DISCUSSION 

The records of the Raman spectra duo to and CHCJ^ arc reproduced in 
Figs, 3(a) and 3(b). The spectra of light scattered by benzene at 5^0 and 7r)"(? 
are reproduced in Figs. 4 and 5 respectively and Fig. 6 shows the spectniin due to 
li(|uid oxygen. The record of the spectrum of incident light is also reproduced 
ill Fig. 7 for comparison. 

It is evident from Fig. 4 that the wing due to benzene at shows twf) broad 
maxima at about 44 cm"’ and 73 cm"^ respectively with a continuous background 
between them and the curve due to benzene at 75'’C given in Fig. 4 shows that 
tluM-e is only one infiexioTi at about 49 cm"' and that the curve extends upto a 
shorter distance. Oystals of benzene at — lO'^C show three lines at 44, 60 and 
100 cm"' respectively (Sirkar and Ray, 1950) and the frequency-shifts increase to 
4S, 60 and 116 cm"' respcHdively when the temperature of the crystals is lowered 
to — I0()^4\ The broad maxima at 44 (un ' ajid 73 cm"' in the wing due to the 
benzene at »^)”(/ may therefore correspond respectively to the lines 60 and 
100 cm"' due to the crystals at — lO'^’C, the frequency-shifts diminishing with 
the rise of temperature from — 10”C to r>"C and with the ciiange of state. The 
band corresponding to the line 48 cm"' of the crystal may have merged with the 
strong half- width of the Rayleigh line which extends uj) to about 38 c<m ' from 
the centre of the line in this case. All these facts show that these bands 
are not produced by the rotation of the raoloeules in the liquid state but they 
originate most probably from vibrations in groups of molecules which are formed 
in the liquid at and break up when the temperature is raised to 76''C. The 
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Fig. 8(ii). Raman .s|>oclrum of (^(’I j. 

sharp lines observed in spectra of the erystaJs an' then'fon' produced by siic^h 
vdbrations in groups ol nioleculcs, the interinoleimlar bond being slightly stronger 
in the ease of the erystaJs. These results eonfirni tlie otisei^vations made by 
K.astha (195S) who studied the distribution ot inti'iisity in the wing ot tiie Ray- 
leigh line due to a few organic litjuids at different teni])ei'atures and icuind (‘vodence 
of formation of groups of molecules giving rise to continuous wing at ti‘ni])eia- 
tures a few degrees above tlie melting jioints of th(' substances. 

A comparison of the curve due to the 404f> A lim^ of Hg scattered by 
licpiid oxygen reprodueeil in f^ig. f> with that due to the iiK’ident line sh^)^\n in 
Fig. 7 indicates that the scattered line is much broader than the incident line 
probably due to the existence of a strong wing close to the RayJeigli line. The 
peak is unsymmetrical due to sulggishness if the ])en during return sweep. 
It is further observed that on the 8tokes sides ot the 4046 A line the wing 
extends upto about 100 cm 1 from the centre of the Itayleigh line and there 
are inflexions at distances of about 38 49 cm' ^ and 60 cm the intensity 

falling off rapidly after each inflexion. It would be? interesting to conipaie 
these results with those due to the gas. Unfortunately, the spectrum due to 
the gas at a temperature just above -180°C has not been investigated by any 
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Hg« 



Ki;?. 8(b). Kamim H|)octr(iin of Cnri.'i 



0 50 100 150 200 cm-i 
Fig. 4. ‘Wing* duo to bonzeno at 5®C. 


0 50 100 150 200 cm- 1 
Fig. 6. ‘Wing’ due to benzene at 75°C. 
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previous worker. Theoretical values of the relative iiiteusities of the rotational 
linos of Oo at -120'’C are given in Table I. 



0 oO 100 I.-iO 200 

in cm"* 

Fig. (i. Hoiaiiontil wing ihin to ji(|in(l oxygen. 


Initial v'uluo 
of J 


TABLE 1 

Kolativo mlnnwity 
in arintrary unit* 


A*' 

in CTn~i 


1 J4rJ(i o.ir>:i 

3 25.88 0.1>L>() 

5 :{7.;i(> 0.221 

7 48.88 O.lOO 


9 ()0.20 0.092 

11 71.80 0.042 


It can be seen from TabJe T that the second and third rotational Kaman 
linos c)f O 2 are ex])e(*ted to be almost of tlie same intensity and the strongest 
lines in the rotational spectrum. The fourth line at about 49 cm“^ would be 
much weaker than either of these two lines and the fifth line should be loss 
than half as intense as the second or the third line. The inflexions at 3S cm~^, 
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49 and GOoni' ^ observed in the spectrum of liquid oxygen at —180^0 

iigrc^t* cJosely with the rolational lines of at 18()°C both in respect of positions 
and relative intensities. The appearance of broad inflexions in place of sharp 
peaks shows that the iiitennolcciilar (iollision in the liquid broadens the lines. 

The region from tlie edge of the Rayleigh line upto about 14 cm“^ would 
be free from any scattered intensity theoretically, but Fig. 6 shows an intense 
scattering Ui this region extending upto about 35 (!m“^ and masking the two 
rotational niaxima at af>out 14.26 enr^ and 25.88 cm This broadening is not 
due to any difference in tlu' intensities of the Rayleigli line and the inner incident 
line reproduced in Fig. 6 , because the width of the line 4077 A is the same in 
both th<^ cases. It has to be concluded, therefore^ that probably some of the 
Oj molecules form O 4 mole(mles with loose coupling between them so that the 
vibration and rotation of such dimeric molecules produce a strong wing extend- 
ing uj)to about 35 enr^ from the centre of the Rayleigh line. 



The wing of the Rayleigh line due to liquid oxygen was studied previously 
by several workers by using prism spectrographs and photographic method. 
Saha (1940) first observed a continuous wing with a maximum at a distance of 
50 cm 1 from the centre of the Rayleigh line. Later, Crawford et al. (1952) 
reported that they failed to detect any maximum in the continuous wing due to 
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liquid oxygen. Kastha repeated the investigation in 1954 and by carefully super- 
posing the microphotometric record of the incident mercury line 4047 A on that of 
the line scattered by liquid oxygen, hmnd a maximum at 40 cm-‘ from the Ray- 
leigh line in the continuous wing due to liquid oxygen. The distances of the 
maximum found by Kastha (1954) is almost the same as that of the first inflexion 
observed in the present investigation, but the larger intensity upto .‘15 cm ‘ 
from the edge of the Rayleigh line could not be detected by Kastha ( 1904 ) 
The photographic method is thus inferior to tl»e photoelectric method for such 
an investigation when in the latter case a grating with high resolving powei' 
is used, so that the wing is clearly separated brom the Rayleigh line. 
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ABSTRACr. 'i'lio oiirlior aruilysiH of tho sp€*c*irum of Br TIT is roviscd and c^xtondod. 
A largo niimb(M‘ of Im ols holonging to tho various configurations aro newly idontifiod, loading 
to the classification of more than 200 linos, which bring the total of classified linos to about 
2J10. 'rjie doublets are correctly identified and aro confirmed by the intorcombiiiations with 
tho (luartets. The third ionisation pofontial of bromine given in the earlier analysis is 
\'erifi(‘d to be correct. 

INTRO DUCT I ON 

1^lie first important investigation oii the spectrum of doubly ionised bromine 
is liy Bloch and Bloch (1927) who have givi^n a fairly extensive list of the lines 
of Brill in the region ()()0(b22(M)A using a source of eleidodeless disehai’ge. 
Lacroute (1935) has exttuided the list with measurements in the vacuum ultra- 
violet region on a 1 -metre normal inciden(*e vacuum grating spectrograph using 
a source of electrodeless discharge similar to the one emjdoyed by Bloch and 
Bloch. 

Rao and Krishna Miirty (1937) are the first to make a beginning towards the 
correct analysis of the structure of the spiudrum. They have, rejected the ana- 
lysis given by Del) (1939) and sucecssfully identified the deepest and fundamental 
cpiarters of the 4p^, 5s, 5p and (Is configurations and calculated the ionisation 
potential from the two members of the 7 is series. They have given a tentative 
list of some levels belonging to 4(1 and 5d configurations basing the assignments 
on the magnitude of the levels but without specific designation as that would be 
uncertain in the absem^e of other evidence. 

They have also given a tentative identification of some of the doublets of 
4p^, 5s and 5p configurations, independent of the (juarters. The identifi( 5 ations 
are based, as stated by them, mainly on the detection of several pairs in the region 
bel(»w lOOOA having the characteristic interval 16()4em~* which is of the order 
of the predicted interval 4p* 2p^o_4p3 2 p^^o Yrom these pairs the doublet 
groups 4p^ 5s -P, 5s' are built up although some of the combinations 

are absent. By extrapolation into the shorter wavelength region some of the 
5p doublet levels have been located. It is also remarked that some of the levels 
assigned to the 4d and 5d configurations might in fact be doublet levels. Pending 
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further investigation tlie put)lication of interooinbinations was withlield. In a 
later eommunication Rao (1944) has reportorl the kleutification of a few inter- 
ronihinations and has given the interval 4p=' ^8^"— 4p* as 15042 ein 

Moore (1952) has collected in the hook ‘ Atomic Energy Levels, Vol. IT” 
all the energy levels given in the paper of Rao and Krishna Murty (1937) ais-ang- 
ing them in the ascending order of magnitude with 4p® 'S,, as zero. She has 
added the correction 15042 cm-i (Rao, 1944) to all the doublets starting with 
4i)'^ ^ 1^1 zero. 

Still there remain quite a largo number of linos mi(*]assified, and the analysis 
is very far from complete and needs confirmation. In piirsuaiieo of the analysis 
obtained of the spectrum of Br TT (Bhupala TIao, 1958), a revision of the analysis 
of the spectrum of Br III has been undertaken. The extensive experimental 
work on the spectrum done in connection with Br TI has served for the purpose 
of this analysis also. The investigation has shown that whih^ the <|uartet l<w(‘ls 
are confirmed, the doublets and intercombiiiations given by Ban and Krishna 
Murty (1937) and Rao (1944 and unpublished work) need rt*vision exee])t tin* level 
4p^ ^ large number of new levels are also identified and interi*ombinations 

are definitely (established I(^ading to the classification of more than 200 additional 
lines bringing the total of classified liims to about 230. 

RXPERTMENTAL 

The sources of radiation and other details about excitation and r(‘(*ording 
of the spectrum are given in the paper on Br 11 (Bhupala Rao, 1958). 

As already mentioimd in the papeu- on Br II (Bhupala Rao, 1958) in addition 
to the data obtained from the experimental work at the Andhra University by the 
author, a large number of photographs were also kindly mad(^ a\^ailable to tlu^ 
author by Prof. K. R. Rao and were of very great help. These ])ictures extending 
from 1085 to 480A were taken at Upsala with aGraziug Incidence S])e(^trogra])h long 
ago and well preserved. The dis])ersi()u was about 3.2A/mm near 95()A. 4'he 
sources consisted of a vacuum spark betwecui electrodes tip])ed with Rb Br and 
Cs Br. Full details regarding the pictures are given by Rao and Badami (1931) 
in the paper on Se TV. 

The lines of Br III are distinguished from the lines of Br II in the infra-red, 
visible and near ultraviolet regions by the criterion that a (complete or partial 
suppression of the second and higher spark lines occurs whem a suitable inductance 
is placed in the condensed discharge circuit while the intensity of the first spark 
linos either remains unaltered or increases. Several of the Br 111 lines are 
hazy and have large intense wings on the long wavelength side in the condensed 
discharge, which make their measurement difficult. The lines of Br. IV ar(^ com- 
paratively sharp and are completely suppressed whem the inductance is included 
in the circuit. Since some of the Br HI lines also are completely suppressed on 
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including the inductance the behaviour of the lines in rectified discharge also is 
taken into consideration for distinguishing the lines of Br III from the lines of 
Br IV. In the rectified discharge, under suitable conditions, some of the Br IV 
lines appear with more intensity than in the condensed discharge. Though these 
criteria give fairly good results they are not entirely critical and cannot be depended 
upon to give absolutely correct results, because for a given ion lines from higher 
energy states behave in much the same way as those from next ion. In the 
vacuum ultraviolet region where lines from lower energy states occur, several 
lines of Br III appear in the inductance picture also with comjjarable intensity 
and it is difficult to distinguish them from the Br II lines. In this region a few 
higher stage spark lines also seem to be present in the inductance picture. An 
intensive examination of the entire spectrum and a line by line scrutiny has become 
necessary for the ultimate assignment. 

All the lines of Br III classified in this investigation are given in Table II 
with their intensities in condensed discharge, wavelengths, wavenumbers and 
classifications. As in the case of Br II, in this paper also the wavelengths below 
2000 A are values in vacuum. 

ANALYSIS 

Br III is isoelectronic vnth As I, Se II, and Kr IV which have been respec- 
tively investigated by Meggers, Shenstone and Moore (1950), by Krishna Murty 
and Rao (1935) and Martin (1935) and by Boyce (1935) and Rao and Krishna 
Murty (1939), The structures of As I and 8e II are almost completely known 
but the analysis of Kr IV is sketchy and far from (*omj)lcte. 

The predicted terms of Br III are given in Table I. Terms identified completely 
or partially are underlined. Those identified in the earlier investigations are 
marked with an asterisk also. All the newly identified levels are already given 
in the preliminary note (Bhupala Rao, 1956) in the ascending order of magnitude 
based on 4p^ as zero. Following the notation adopted by Moore (1952) 

levels arising from the and states of the Br IV ion are distinguished by 
affixing a single prime and a double prime respectively to the running electron. 

The analysis presented in this paper shows that there is a considerable over- 
lapping of the terms of the same configuration and also of the terms of different 
configurations. The term intervals are as large as and sometimes even larger 
than the separations between the neighbouring terms showing very great depar- 
ture from L-S coupling. The ratios of the intervals of the individual terms 
also show large deviations from the values predicted on the basis of L-S coupling. 
Unlike in Br II the combinations between even and odd levels are not profuse 
and it makes the analysis very difficult. Particularly, the combinations between 
the doublets of even and odd configurations are only a few. Some of the doublets 
give more combinations with the quartets than with the doublets, the intercombi- 
nations being thus relatively more intense. 
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A careful examination of the plates has confirmed tlu' ^ireviohs identification 
of the quartets of 4p*, 5s, 5p and 6s conftjrurations. The intensity and behaviour 
of the lines are in conformity with the classifications. Examination of the <lonb- 
lets previously suggested is then taken up. A seiies of trials hav<' been made 
to enlarge the scheme of classification assuming Rao and Krishna Murthy's identi- 
fication of doublets as correct. All the atteiripts have proved to be unsec(H‘ss- 
ful. It is presumed that it is the failure to maku^ correct assignment of the doublets 
and the intercombinations with the quartets iihat might have \od to difficulty 
in extending the analysis further by Rao and Krishna Murty themselves. There- 
fore an independent and fresh approach to the identification of doublets is made 
with the aid of the irregular doublet law. The implication of the irregular doublet 
law in the manner done by Bowen and Millikan ami used by Rao (11127) in the 
analysis of the Snlll spectrum for transitions uIkmc the principal (juantum 
number changes, is employed. By compariiig with the values in As 1 and He 
IT using the irregular doublet law, the positions for the 4p® - fis 

4p® 2 Dij«~<-5s 4p3 4p3 2p^« r)s2p^ combinations in Hr 111 

arc calculated to be 136387, 133843, 1231102 and 121705 cm ^ rcspectiv(‘ly. With 
the help of these calculated values and the predi(‘ted intervals for tlie iir** 

2P^ and 5s ^p terms the identifications of the doul)U‘ts are mad(‘. With the 
assignments of Rao and Krishna Murty no iutercombinations between (h(‘ 5s ^P 
levels and the 5p quarters could be observed. With the present choi(U> the intei- 
cornbination lines are observed in the calculahnl ])ositions. Also, the intensities 
of the lines confirm the present assignments. From these it has been possible to 
establish the 4p« ^po^ 4p4 2 /> 2 p and 5s' terms. The identification 
of the 5s' 2D and 4p^ ^j) terms proved to be more difficult bec^ause of the intensity 
anomalies in their <;()mbinations aiul their proximity to eac h other. Starting with 
the doublets of the 5s configuration and by a comparison of the position of np2 
(n + l)s np2(n+l)p combinations hi the spectra isoclectonic with 

Fill, Cl III and Brill the 5p 2p^^«, levels are located at 105581.0 and 

107331.0 respectively. Proceeding from these with the help of the estimated 
intervals of the 5p doublets the 5p 2P« and terms are identified completely. 
This also proved somewhat difficult bec^ause of the poor development of the 
multiplets. The 5p doublets combine (Sily with a few of the terms of the even 
configurations. Attempts to identify the 5p' doublet levels with the help of the 
5s' 2D interval have been unsuccessful. The transitions between the (loublets 
of 4p2 and 58, 4p^ configurations are shown in Plate VI and the combinations 
between the doublets of 6s and 5p configurations in Plate VITA. 

From a study of the position of the 4p2 4p^ ^P multiplet and the inter- 

vals of the 4p^ *P term in spectra isoelectonic with F III, Cl III and Br III this 
multiplet in Br III is estimated to be in the region 100,006-110,000 cm-i with ^Pj 
— ^Pjj and ^Pa— '*P 2 i intervals of the order of —1260 and —2660 respectively. 
After a close scrutiny of the plates for three lines in that region with the estimated 
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iutervaJs, the limm 105380, 104129 and 101532 ein" ^ are classified as the eombiiia- 
lions respectively of 4p^ ^^*11^24 l^^vels with 4p‘'* Their intervals — 1251 

and —2597 agree well with the predhded values. These classifi(?ations are con- 
firmed by the large number of combinations between the resulting levels aiid the 
5p (juartet terms. The 4p^ 4p^ '*P multi})let is shown in Plate VI. 

Hao and Krishna Murty (1937) have assigned nine levels to the 4d con- 
figuration on eoiisideration of their magnitude. But they have stated that some 
of them might actually be doublet levels. Atternpts to identity the 4d levels 
starting with the 5p and ^P® int^ervals have resulted in the identification of 
the 4p* ^P term, all the 4d quartets, the 4d term, the 4d ^Pjj levels and 
three other levels designated 1, 2 and 3. Of the nine given by Rao and Krishna 
Murty, only the five levels 2, 3, 5, fi and 9 are found to be r-eal, and of these the 
level 2 is identified as 4p'* ^Pi^. The 4p^ ^P term does not combine with any of 
tho 4p^ levels. 

The 4(1 '‘F, terms combine well with the 5p term, but seldom with 
5p ^P^* term. In the case of the 4d ‘‘P term, the 4d '*P— 5p multiplet and 

4d ^Pij -5p 4d %-5pbS%j and 4d ^Pi4~r>p combinations alone 

could be located. Except for two lines the 4d levels do not give any combinations 
wdtli the 5p 2P® and terms. Even with the 5p term the (‘ombinations 
are only a few. The 4d ^P term is inverted while the other terms are regular. 
But none of these is in conformity with L- S coupling. The 4d ^F 5]) 

4d ‘‘D 5p^D^’ and 4d '^P - 5p ^P® niultqrlels are shown in Plates VI and VllA. 

The 5d quartet terms also ar(‘ arrived at with tin* hel]) of th(‘ inl/crvals of the 
5p (juartets. Only two, 11 and 13, of the seven levels 10 to 10 assigned by Kao 
and Krishna Murty to the 5d (Muifiguration, could lx? confirnuid. The 5d terms 
exhibit combining characteristics similar to the 4d terms and their combinations 
with the odd levels arc not profuse. Here too the terju intervals aie not regular 
and show large deviations from L-S coupling. The 5d ^P term also is inverted. 
This inversion of the ml ^P term is a feature present in the spectra of F TII and 01 
ITT also. 

The diagonal lines of the 5p fid ^F multiplet are diminishing in intensity 

with increasing J values. From this trend in the variation of intensity the combi- 
nation 5p 5d ^F4^ is expedited to be very weak, and since this is the only 

combination the fid level gives with the 5p levels, it is not found posvsible to 
fix this line. Ooiisequently the fid ♦F4J level is not identified. The 5p fid ^F, 

fip^D®— fid^I) and fip fid^P multiplets are marked on Plate VITB. 

The doublets of the fid and 6s configurations are all expected to be of the same 
order of magnitude and it is not possible to distinguish between the levels of the 
tw^o configurations. So, all these levels are designated arbitrarily by numerals 
4 to 22. 
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TABLE I 
Terms of Br III 


Configuration Torms 


4-v2 

4p3 



4,Vo* 

2D(» 2/>(» 


4ts 

4^1* 



4p 

2P 27^ 


Basic* terms 
of Hr IV 

4h'“ 4])- 


3 }» 

‘J) 

IS 

4s2 


5 s 

1 p* 

2P 


iiS 

4sa 

4i>-^ 

4(1 


^D ‘P 

-■(i *K »J> •■!>' --S 





liF 

2D liP 



4s^ 

4]»'-’ 

5,. 

‘DO* 

IpB* 4S^>* 

8FO 2Pu 

•j F’o 




iDO 

2p» 2 So 



4s^ 

4p^ 

(is 

ip* 

2P 

■^D 

-*S 

4s 

4p-» 

5<i 

IF 

‘D 4P 

~il iiF -'D -P 4S 

■*D 




i-F 

iiD ^P 



4s‘-’ 

4])-i 

(ip 

^Do 

-D^ 

•1 p(» 1 So 

2P0 2 SO 

2F0 2Do -'po 

2PO 


* 

, . Identified 

in ]irevdous iiivesl igations. 



TABLE n 


Newly classified lines of Br III 


Intensity 

X(fiij') 

i/(vac) 

(^lassifleation 

B-ernarks 

Obh 

7(i9(i. 1 

12990 5(1 

4p\,. - 230 


2 

7ti73. 1 

13029 4p* 

sU,j-5i> JP«1 


2 

7192. S 

13899 6.4 

^Psj — 230 


OOb 

(i«99 . 8 

14489 4]>^ 

l!D,j-5|> "P"!; 

Br IJ line 

1 

6459.21 

16477.5 5s' 

2Dj. •6i> ‘POj 


Ihb 

5947 . 90 

16808.0 6s 

<Pij--'3« 


1 

5764.09 

17344.0 5a 

<P,j-34'» 


1 

5693.40 

17559.3 

11—24" 


2 

5446 . 80 

18354.3 4i>< 

2D2i--5p 2D",i 


0 

5440.38 

18376.0 4i>* 

2Dij-5p <S»u 

Br II liii 
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TABLE II (contd.) 




1 uty US 1 1 y 

A (nil-) 

i^(vac) 


Class ifiuat ion 

Remarks 

<)0 

r>24r» . 2r> 

19059.0 

5«' 

-1^1 i -«'>!> 

iPOo. 


3 

5175.87 

19315. 1 

4d 

=Pm C,p 

4D«4 


1 

514().32 

19:20.0 

Os 

•♦Pi . - 240 


{) 

4890.07 

20410.4 

5i> 

tiPo.-O 



1 

4803. 14 

20813 9 

.5s' 

-Di^- 5]) 


(>(» 

4001 .58 

21440.0 

5,> 

5 



3 

4550.49 

2 1 940 . 0 

5.S' 

•-ij),)- 5p 

2D)i. 


4 

4519.74 

221 19.0 

4(1 

•p,.~r>p 



3 

4393.51 

22754 . 5 

5s' 

5|> 



3 

4383.91 

22804.3 

4(1 

“Pji-Op 

♦Po- 


1 

4319.49 

23144.4 

5}) 

ISO,. - 7 



0 

4310. 15 

23102.3 

4(1 


• Po , 


Ihb 

4219.15 

23094 . 8 


3 -- 5p 

Ipo, 


Ih 

4190.82 

23855.0 


2 - - 5] > 

.Doj 


1 

4181.73 

23900 . 8 

4(1 

♦P. -5]> 

IP*'. 


OOvI) 

4 1 00 . 58 

23993 . 8 

5]) 

-♦P‘^M ' 0 


3 

4120.34 

24203.0 

4(1 

nbi-5]) 'FOi; 


iMi 

41 10.70 

24284 . 5 

5s 

2F.i-r>p 

4T»o, . 





4d 

2F;,. — 5p 



3hb 

4080.03 

24403.2 

5s' 

21L)-5). 


Hr 11 1 iu(5 

OOb 

4078.30 

24512 8 


2 - 5p 



Oilb 

4059 . 99 

24023.7 

4d 

5p 

tViS 


0 

3977.83 

25131 .3 

5p 

— 4 



Ob 

3974 . 34 

25154.3 


3 - 5p 

-iPOl. 


0 

3903 . 1 8 

25225 . 2 

5,» 

bS«i.,~-8 



0 

3940.00 

25335.0 5i> 

iPOij-5 



00 

3941.13 

25300 . 3 

4d 

iPj-5p 



4 

3903 . 95 

25607.9 

4d 

^P,l-5p 

4P0, 


Ob 

3880 . 25 

25704.3 

5s 

»Pj— 6p 

4P«j 


2hl> 

3838.34 

20045.0 

4d 

2Fj,-6p 



•> 

3788.0.7 

26387.0 

4d 

2Pl,-5p 

4p0,i 
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TABLE II (contd.) 


to unity 

,\(air) 


( 'his.sificH t loii 

liiMimrks 

•> 

37S5.77 

20407.2 5n 


5l» 

^Po,. , 


Oh 

3700. 7 J 

205S3 . 1 

2 — - 

5p 



00 

3744.57 

20007.1 4(1 


Of) 

11)1).,, 

Ml' 1 1 1 1IL(( 

1 

3731 .(>7 

20704.4 5|> 

• J»(>. - 

5 




37:24.75 

20S3<».S 5|> 

M)03j 

7 



l>b 

3704.01 

20000.1 5|) 


8 



5 

3003 . 53 

27000.7 4(1 


•M» 

11*“, . 


00 

3072. 

27223.8 5.-; 


5|» 

•P“,. 

Ml II line 

0 

3055 . 1 2 

27351 . 1 5i) 


4 



W 

3(i 1 2 . 33 

27075 . 1 

1 - 

5|. 



0 

3551 .OS 

28152.4 4(1 

irr,.- 

-5p 

1 8« , . 


00 

3543.20 

28214.3 Id 

»!)... 

5|) 

I])0, , 


o 

3531.54 

28308 2 5|> 


- 0 



4 

3528. <S(i 

28320.7 4(1 


5|» 



•) 

3527.08 

2833r».8 5|) 


(i 


Mr 1 1 lm(‘ 

.*( 

3520.07 

28352 . 1 5s 


5p 

^1 >•>;;* 


0 

3512.07 

28457.8 4(1 


5p 



(> 

350(i.47 

28510 <i 4(1 

t-J),. 

5}» 



o 

3487 . 03 

28004 0 4(1 

M>, . - 

-5i» 

»l)“l. 


o 

3433.00 

201 12.0 5i» 


- 8 



3vh 

3425 . 20 

20180.3 4(1 

‘D. 

5l» 

1 1)0, 


1 

3424 . SO 

•20180 7 4d 


5p 

» po^. 


r> 

3417.01 

20251 .0 5|» 


- 7 



2h 

3417 23 

20255.1 Id 


5] I 

•So 1 1 

Mr 1 I line 


3410.30 

20202.3 4d 

«p^. 

5|» 

«PO, . 


3 

3307 . 88 

20421.7 5|> 


-4 


Ml 11 lm<' 

2 

3370.04 

20050.8 4d 

11),. 

5l> 

•D"- 


5 

3340.75 

20844.4 4d 

ID. 

5]i 

‘D'>,l 


6 

3321 .08 

30102.1 5s 

•-'Pi: 

5p 

l!p(l,. 


5 

3301 .21 

30283.2 4d 

jj).. 

-5p 

2D'>,i 


00b 

3287.71 

30407.0 5)> 

*D»i 

5' 
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TABLE II (contd.) 


IritoUHily v{\’tU‘) (JlaHHificutiou Remarks 


21) 

:i 2 sr> . 2 1 

30430.7 .5]> 

iI»o, 

.--9 


ll> 

:iL»77. ir> 

30505.0 

1- 

-5p 

^Po. 

f) 

:i270.07 

30571 .0 5]) 

4 po^ 

- 8 



:{2r>2 . 74 

00704.5 4(1 

4 |),. 

-.5p 


T) 

:i2:i7.‘is 

00874.0 .5s 

-P,.- 

-.5p 


4 

.‘12 14. 50 

01000.2 5s 

•JP, 

-5]) 

2 So. 

4 

0202. 00 

31212.7 4(1 


-.5p 


0 

0 1 04 . 85 

01201 .4 .5h 


,5p 

2]J0,. 

4 

0185.21 

01380.1 4(1 


-.5]) 

iPo.^j, 

T) 

0174.15 

01405.4 4(1 


-5p 

»P<), 

4 

0140.30 

01743.0 4(1 


-,5p 

4 I) 0 o, 

(Ibli 

0104.75 

01801 .3 .5i) 

ti»0, 

- 0 


(l])]i 

0130.04 

01008 7 5p 

•ip.. 

- .5(1 

«P. 

(Kill 

0127.41 

01000.1 

1 

-,5p 

»P0,. 

7 

0117. 20 

02000.0 4(1 

M),v 

.5p 


7 

0001 .04 

02002.8 4(1 


,5p 


1(1 

0074.42 

02517.0 4d 

4 F,. 

5p 

•♦1 )<>.{. 

111 

0050.00 

,32074.5 4(1 

•J). 

5p 

•P". Rrllliijo 

2hl) 

0058.40 

02080.4 .5i) 

••So, . 

5d 

iPo. 

T) 

0057.57 

02000.2 4(1 

U).,. 

-,5p 

4D0.5. 

2h 

0042.08 

02802.7 ,5p 

iS«i. 

-11 

•) 

(10 

0040.04 

02884.8 4(1 


-.5p 

2P0i, 

7 

0000.45 

32023.0 .5s 

2Pj - 

-,5t> 

2P0, 

(i 

0000.03 

02054.2 4(1 

^Dil. 

,5}) 

iPOn 

4 

0025.03 

00041.4 5s 

2P, .. 

- 5p 

2P«ii 

0 

0022 . 1 7 

0.3070.2 .5]) 

ISO, 1 

-5(1 

•Pil 

10 

3020 . 70 

3.3004.0 4d 

2 F,,- 

-5p 

2DO21 

8 

2!)04.04 

33300.0 4d 

^Fii- 

-5p 

4 Dl>. 

7 

20011. 0(» 

,3.3071 .0 4d 

4 F,.- 

-5p 

4 DO^, 

OlO) 

2052 . 88 

03855.4 5]) 

-Po,^ 

— 5d 
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TABLE II (routd.) 


Iat.ouHiiy 

,\(air) 

r(vaf*) 

( 3assifi< a1 

lOll. 

KcMiitirks 

3v]>h 

2940 . 20 

33931 .4 5]> 

‘P<». - 5(1 

‘Fk 


0 

2930.22 

34047.5 4(1 

i — 5]» 

Uln, . 


2 

2932. OS 

3408S . 0 

1 ->5p 

»P'>M . 


8 

2920 . 90 

34155.2 4(1 

•>F,, -.5p 



4 

2901.89 

34450.2 5p 

‘l*‘’2i-5d 



4 

2901.00 

34100.8 ."(s 

4 Pm; -*5j> 



Ih 

2809.1 1 

34843.8 5p 

IpOjj — 5d 



00b 

2852 . 83 

35042.0 5]» 

+ 5d 

41)a 


2U 

2849.91 

35078.5 4d 

•Di j — 5p 

4po,j 



2843.79 

35I,54.(» 5p 

13 



Ob 

2837 . 50 

sr.L’si.:; 4i.i -2i>j-r>|. 

»l)0lj 


0 

2804 . 1 0 

35050.8 4p^ 

^ ^lbi-5p 

‘Doj 


W 

2793.97 

35780.8 5p 

‘P'»4 — 5(1 

»1),I 


r>>) 

2785.28 

35892.5 4(1 

'Fmj- 5i) 



3b 

2784.21 

35900.3 5p 

14 



3 

2781 .09 

35t)40.5 5]» 

- 5(1 

^I>2A 


SH 

2772. (i2 

,30050.4 5]> 

*P'»^ 10 



f> 

2770.50 

30083.9 1(1 

'*FMi-5p 



2 

2707 89 

30118 0 1(1 

■*KjA 5p 

11)0., A 


? 

2700.20 

30139.2 5p 

^ -nd 

‘DmA 


Oh 

2705 . 93 

30143.J'> 5p 

»P‘»ma - 12 



3 

2753 . 35 

30308.7 4])« 

iJPji - 5p 



4H 

2752.00 

30325.7 5p 

4P'»m^ .5(1 



311 

2747 . 1 8 

30390.2 4(1 

'*1)mj-5p 

»S«, A 


1>H 

2742 . 3r» 

30454.2 5p 

2Poa 17 



711 

2735.83 

30541 .2 5p 

— 5d 

•T>U 


00 

2733.43 

30573.3 5]> 

jPf>iA 5d 

ip, A 




4d 

5p 



Ih 

2731 .35 

30001.1 5a 

4Pj — 5j> 



1 

2720.15 

3675i.8 Sp 11 
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TABLK IJ (confd.) 


liitnusity 

A (a. if) 

r(vn(‘) 

(OHssificHtioTi 

Komarks 

:{h 


.40702. 1 

5p 

5d 



(K> 

L>7ir).:n 

4(58 1 0 . 5 

5p 

- 10 



J 

l>71().h:{ 

40878.2 

4d 

'Vij r>p 

4P(.j 


4 

i»7()4.l>8 

40007 . 5 

.5p 

4P<>i} — r.d 



7h 

lMi7 1 . 

47420.0 

.5p 

- 5(1 



-> 

:>»(i49 . 8 l» 

47727.2 

.5p 

A - 5«J 

Tl 


0 

lMi4rj. lO 

47704.2 

5p 

> P"i * - (in 

•l’2j 


7h 


47874.4 

5p 

5(1 



4 

L»(i:!2.SS 

47000.0 

.5p 




7li 

LMiL><) . 2.4 

48022. 0 

4fl 

^T>J - 5p 

■S»,A 


\{)\\ 

2(i2(>.r)2 

38001 .0 

4i>’ 

.5p 

4P0j 



2(il7.(>S 

48100 0 

.5p 

a)».j 5(1 



7]i 

2(>!(i.2(i 

482 1 1 . I 

r,,. 

■ro} -1 1 



lOH 

2(il4.13 

482.50 0 

.5p 

5(1 

••I):, 4 


71! 

2(i08 . 1 5 

48420.0 

5p 

* S« , 5 18 



<ni 

2(MM).2(> 

48458 (> 

r,,, 

-5(1 

•I>2} 


:Ui 

2(i<)l ,r>}S 

4842(5.7 

5|. 

^Pnj 5(1 

'P.J 


1 H 

2r»<>7.(i9 

48484 4 

5i) 

2P0| i_2(» 



8h 

2545.08 

48.500 7 

r>i) 

'D'>r,A 5(1 

•‘F;, 4 


(ill 

2504 .4K 

48541 .0 

r.,. 

— 5(1 

•‘Dj 


l(> 

2580 . 1 4 

4801 1 .3 

5|> 

41)0, j— 5(1 

»I),j 


8h 

2584.00 

48074 . 4 

r,p 

•»P«2!- 15 



Tilf 

2574.17 

48850 . 0 

r,,. 

n)o„j— 13 



7H 

2570.84 

48880 . 3 

5p 

4J)0,j- 10 



L>h 

2505 . 22 

48071.4 

5,, 

•»T)»2S - 11 



1 

2554.21 

40140.4 4p4 

— 5p 

4P0j 


71i 

2551 .00 

40187.1 

.5p 

•iP"j-.5(l 

4Pj 





r>p 41)0^,^ ^5<i 

‘‘Pi 4 


7 

2520.40 

.40251 .8 4p4 

— 5p 

4P0,j 


Ih 

2527 . 02 

39546.4 5p 

4Do^_10 


? 
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TABIiB ir (coHfd.) 

[atoiiHity x{rtii ) i.(vac) (’lassifu-ui iou Kcnini ka 


Ih 

i»ri24.43 

30601.0 .5p 

14 


00 

25 13. OS 

30770. S 4d 

— 5p 


5 

2407.43 

40020.1 .5p 



0 

2482.00 

402(58.2 5p 

(D:», i ^5(1 


3h 

24G9.17 

40487.2 5p 

J2 


0 

2462 . 30 

40508.7 4p-> 

:i|‘,4*5P 


Ibli 

2450 . 44 

4070(5.6 r>p 

15 


3h 

2443.01 

40020 7 5p 

4D«)_4-5d 


4h 

2435 . 76 

41042 5 5p 

n)o,|- 1 1 


Oh 

2423.08 

41257.3 5p 

• T>«*, ^ — 5(1 


Ih 

2422 71 

41263.(5 .5p 

):j 


4b 

2307,31 

41700.7 r.p 

-- 1 1 


1 

230(5.07 

41722.3 5]) 

16 


3 

2370.48 

42013.2 5p 

^1)0. A 14 


4 

2378.73 

42026.4 5p 

18 


00 

2375.50 

42083.5 5p 

- 6.S 



3 

2371 .63 

42152 2 5p 

17 


0 

2365.70 

42256.3 5p 

(Po^_l r, 


0 

2340 . 06 

42557.2 5]) 

•U)'bA 12 


4 

2330 . 05 

42722.8 4p‘ 

^P,i-5p 


2 

2326.41 

4207 1 . 5 5]) 

'bS»,j -22 


0 

2323 . 06 

43016.8 5p 

tj)‘»2j -15 


6 

2313.20 

43215.2 5p 

»!)»>* 12 


0 

2200 . 6(5 

43471.3 5p 

10 


Svbb 

2203 . 44 

43580.2 4pi 

2Pi -5,» 


4 

2202.27 

4361 1 .4 5p 

-17 


Ibh 

2289.40 

43664.4 5p 

4P'»ii— 10 


0 

2274.04 

43043.6 5p 

♦D) 24 - 16 


4 

2270.02 

44038.8 4(1 

*F,| -5p 

2P-)i 

1 

2256.52 

44302.3 5p 

4PJj^ — 20 
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TABLE IT (conid.) 


rnt(^nsity 

xOiir) 

r(va<) 

(Massifioal ion 

0 

2249.03 

44437.9 5]> 

18 

1 

2243.43 

44500.7 .5p 

‘P‘»i j-21 


00 

2234.59 

44737.0 5p 

ipo^, j — 22 

00 

2210.03 

45221.8 4pi 

> 2Pl-r,p 

2Po^ 

o 

2184.55 

45701.7 5p 

■‘P"J — iO 


3 

2178.74 

45883.7 5p 


2 

2172. 02 

46012.9 .5]> 

41)0, j — 10 

0 

2172.30 

40019.7 5]) 

4P0^_21 


V 

2 1 53 . 08 

40418.2 4p4 

2Pii-5p 


V 

2 1 52 . 52 

40442.5 r»p 

43)Ojj_17 


4 

2133.35 

408,59.8 .5]) 

4P<0i- 22 


3 

21 18.51 
(vac) 

47188.0 4]»4 

-*'ip-5p 

2Do,>i 

2 

1 475 . 1 

07790 4p4 

-,5p 

4D<>j 

00 

1434.7 

09703 4]»4 

4P, ,5]> 

-IDO, j 

r> 

1 402 , 9 

71283 4p4 

4Pj -,5p 

4P()| 

1 

1393.0 

71789 4p4 

4P,J-5]> 

41)0,^ 

2 

1383.1 

72303 4pl 

4P.^.j 5]) 

41)0,^ 

>> 

1351 ,4 

73990 4]H 

4Pi*- 5]» 

4po,^ 

1 

1344.0 

74374 4p4 

5]> 

41)0, j 

r> 

1313.5 

70135 4p+ 

4P,^ -.5p 

4pn.,j 

1 

1 305 . 0 

70,591 4p4 

—Op 

4P0,j 

0 

1304.9 

70032 4p4 

4P3 -,5]> 

4S0,j 

0 

1303.7 

70708 4i)S 2po,j_ 4p4 

4Pi 

3 

1302.2 

70794 4p4 


4Do,.,j 

1 

1 297 . 5 

77074 4p» 

2P(ij_4,,4 

4Pa 

0 

1 283 . 7 

77903 4p4 4P,^_5]) 

4S0,^ 

00 

1272.8 

78507 4p4 4p^ _5p 

2P0,j 

2 

1270.3 

78724 4p4 

4P., — 5p 

4P02i 

3 

1 242 . 2 

80500 4p4 

4Pjj - 5p 


9 

984.9 

101532 4ps4S0jj-4p4 


Remarks 


Oxygen T 


Oxygen J 
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TABLE II {cojitd.) 


Tutoiisiiy 

X(va.p) 

v{yiU') 


Oia.ssifical ion 

Rtuiiaiks 

S 

000.4 

104120 

4p:i 4S0,^_4p4 4Pj.^ 


7 

040.0 

105380 

4])** 

tS'>,j-^4i>l iPj 



807,4 

1 23850 

4i)-3 

-Pn “Pi 


0 

SOo 7 

1241 10 

4]>‘ 

■*iP-,A-4(l »1’a 


5 

708.8 

125180 

4p3 

•^P‘»,4-5s 2P,j 


0 

704.1 

125020 

4p‘ 

2Pn^^3 


00 

788.7 

120704 

4p‘‘ 

2Po^ 5s 2P,j 

Pp II 

00 

773.2 

1 20330 

4p^3 

40 Ul.-A 


3 

708.8 

130075 

4p:3 

-l>“ii-4<l M),a 


1 

701.3 

131301 

4]>i 

2D0j,j 5s -11*1 A 


-) 

750.0 

131500 

4p;« 

2|»o,j 5s' 2 J).a 


3 

754 . 5 

1 32535 

4i)* 

21»0,j 5s' 21), j 


1 

740.0 

1 33048 

4]>-‘ 

2i)'>,j-r)S IP.-A 


•) 

745 . 5 

134142 

4p-» 

2P0a 5s' 21), a 


o 

740.8 

1 34084 


2P<',j 4pl 21), A 


00 

739.0 

135150 

4|)i 



(> 

730.4 

135801 

4] >'3 

2D«>iA - -P 2 I 


00 

731.7 

1 30074 

4p'* 

21)‘'.>a :i 


(i 

727.0 

1 37540 

4l)'3 

21)(*.^i-5s 2 P,a 


00 

720.8 

1 38742 

4])‘3 

2D'>ii * 5s 2P, A 


8 

000 . 2 

144800 

4p'^ 

23>“2i -UiA 


3 

088 . 0 

145J53 

4p=3 

2L)‘»jA 5k' 21)^,j 


1 

078.7 

147351 

4p3 

2J)0uj - 4ld 2]),j 


6 

077. S 

147545 

4i)’3 

2D9u| — 4p‘l 


0 

072 . 3 

148741 

4p3 

2])o,^ 4pl21),.j 


6 

020.4 

101100 

4])** 

5k' 2i),^ 


9 

011.1 

103050 

4])'3 

•lS<),^-4p“^ liDii 



Attempts to locate the 6p levels with the help of the Os ‘P intervals liave led 
to the identification of the two levels 23“ and 24 . 

Using the Rydberg formula the absolute value of 5s ‘P^, is obtained by Rao 
and Krishna Murty as 139260.0 cm-' from the two members of the ns ^P series. 
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This ^iv(js th(* limit 2SU529 ciu“^ correspoudiii^ to a third ionisation potential ol 
3;*). Si) volts. The ealeulation is verified and found correct. This is, therefore;, 
adopted as the limit. 
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ABSTRACT. I 'hiH j>u)i('i' rtM-oril.s nil invoKliKut ii>n ”1 iIk' struct hits mill rlicmicHl ii’lii- 
tirms of iron oxides, hydroxidt-s anil oxyhydroxiilcs. In the coiirse of the work structural 
relations wore also found liotwccn tlfni winch cxciU]>ltflod the new concciit ol lo|iotaxy or 
chatiKo of cmuiiosition of crystals occnmiif; without any liirnc discontlniiily of structures. 
Slartinfi with Fc(<)H)j whose striiclurc is Iniilt n|i of hoXBKonid i-loso-iiHckcd hydroxyl layers. 

It IS seen that wh<»n it decoinposes into FoO there is an oriented relationship hot ween the two 
idiasr-s. The I OKI I of Fe(<^lfT).: 1 1 •• I of euhie KeO and 1 1 10| of the former he- 

eomes |IIK1 of the latter. .Apain. when FefOH)- is oxidiseil hy slrorif; H-O:; or ('NH 4 ).!S..,()s 
solution to 5 FoO. OH, the arrangement id the elose-javekeil layers ehaiiffes from AeB to 
.IJciiifi'.'l, the directions ol llin axes |•elnuInln(; the same. .As it was not iiossilile to ^el' any 
smtjle crystals of green rusts, direct ovidenees ahoiit the oriented relationship hetween them 
and th-'ir transformation jirodiicts could not he found. Hut the proposed structure (or Die 
green rusts definitely speaks in favour of 1 he oriented l■elall<mshl).s. 'fhe transformations of 
y-FeO.OH to y-FcjO.i and then to a-FejO, have heen studied in great detail. It was found 
that the | IKO|. |KI01 and |00l ] axes of y-FeO.OH heeome |<»0l |.| 1 10| and 1 1 JK| of y-FcjO., after 
trarisformation. In the second transition Irom y-Fedlj to m-FcoO.i. eryslalsof the latter grow 
with their ItlOll axes lairallel to |lll| of y-Fo.t), and their 1 1 iKl d.reetimis hemg parallel 
to 1 1 IKJ of y-FcjOa, The same sort of oriented relationshi]) as m hetwoen y-Fo^Oa and u-heaOa 

was found 111 the transformation ot Fe,,(), to n-FcO,,. Several forum of y-Fe.O, ]>repared fiy 

various methods have also hoen studied hy X-rays. Th- transformation of rhomhohedral 
FetH)., to euhie FoO and Fe.O, has also heen found to have oriented relationship. The siini- 
larily of the structures of FeOO;! and FeO suggested that the triad axis of FeCO;, would he 
parallel to one of the triad axes of FoO and that th- three diad axes of hoth phases were iriler- 
ehanged, FeO and Fo :,04 having i.arallel orientation to each other. The t ransform.il ion ot 
d-FoO OH to «.Fo,0, could not he explained iii terms of oriented relat loiishiji. From the 
similarity of the powder ,, attorns and also th • eomparison of intensities of the ditfraetioi. lines, 
it 18 thought that /)-FeO.OH has a structure similar to Mollandite mineral (a-MnO.). 

] N T R O D r (' T I 0 X 

Up to the present time pliysieo-chetnical Hti..lie.s have sliow.x the existence of 
three forms tif iron oxyhytlroxidcs referred to as and H/) 

TT;i^^Vork was submitted as a parVof theThos.s lor the Fh.l). degree of the University 
present Senior Mineralogist, Geologieal Survey of India, Chowringhee. 

Cal-lO. 
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Of Ific anhydrous oxides of iron, a-Fe^Oj^, y-FcgO^j and Fe 304 can be obtained 
by (Icliydratini^ sonic of the oxyhydroxides (FeO.OH), by diroc^t precipitation 
or by oxidation of Fc(OH )2 with different types of oxidising agents. The 
remaining anliydrous oxide, FeO, may lie obtained by decomposing Fe(OH ’)2 
or some organic ferrous salts in vacuo or in an inert atmospliere. Most of these 
hydi'ous and anhydrous oxides of iron can ho found as natural minerals. Together 
with tlu^ study of various ])hysical and chemical properties of these compounds, 
a nunif)e]‘ of nudhods havn* been found for jireparing them synthetically. Welo 
and Ihiiidisch (11120, 11K15) reviewed all the work done on the iron oxides 

and oxyhydroxid(^s up to that time and tried to rlraw^ up a general rclationshix) 
])(d\vc(‘U the different iron (‘omjiounds. However, they themselves exjiressed 
doubts about th(^ (‘xistence of some members in the iron oxide-oxy hydroxide 
system and also about the modes of transformation between the compounds. 
Althougli various methods of xireparing the different oxides and oxyliydroxides 
and also fiow one can be obtained from the other are knowoi, the structural 
inter-relationships among tliose compounds are (piite unknown. 

The structures of most of the oxides and oxyhydroxides of iron arc lualt uj) 
of close-])ack(Ml oxy/hydroxyl layers. It seems possible that when one form of 
iron oxides or oxyhydroxides transforms into another, the change may be effected 
sim])ly by removing or adding close-jiacktsl oxy/hydroxyl layers from or to the 
original structures. Thus one might exjieci- to iind an oriented relatiouslii]) 
Ijctween the original and transformed products. Smh a jelationship. which is 
not- limited to any [larticular type of crystal, was observed by (Joldsztanb (IDIH, 
11)35) in tli(* transformation of a- FeO. OFT to This sort of relationshij) 

t)(*curs frc(|uently in uu'tals and also in inorganic <*ompounds. A striking examjile 
of this oriented relationship can be found in the case of cubic and hexagonal 
metallic colmlt crv^stals. TIumh* the basal hexagonal face becomes one of the 
{111} faces of the face-c(‘nt red cubic form. Similarly, in the transformation be- 
tween a and y-iroji, the {IH)} faces of the body-centred form bccojues the 
close-packed {111} faces of tlui face-centred cubic form. All tlu'se changes mean 
that the main determijiiiig (‘lements of tlie lattice do not change and the other 
ekuuents only move from one symmetrical x)osition to another in substantially 
the same cell. The minimum disturbances caused when the liydroxyl ions are 
removed as wabu* molectiles also suggest that the evidence of oriented relation- 
shij) among the oxides and oxyhvdroxid(»s of iron may be found. 

The best method of studying these oriented transformations is to make 
X-ray investigations on single (crystals of different (^oinj^ounds before and after 
the transformation and also during it, if possible. If an oriented relationship 
exists, tlu^ diffraction j^hotographs taken both before and after the transformation 
will show some commoii directions. When single crystals are not available, 
the j)owxler diffraction method can i^rovide indirect evidence. Sometimes, accord- 
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iug to the nature of transformation, a multi]»lieit.v of llie refloclions may eorres- 
pond to a single direction from the original crystal. In this ease', lUe similarilies 
between the structure of the 1,\vo phases may throw some lighi oji auv possible 
i uter-relationshiii . 

This sort of iiitor-relaiionslii]» can be explained in terms of to])olaxy. a term 
proposed ])y Gortor 1o denote the transfonnaliou IVoin out' cryslalline jiliasi' to 
another, where there are definite oriented rc'laf ionships b(‘1w(‘en fin* a\(‘s of the 
original and transformed erystals. Jii general, tho to])ottU tie change consists of 
two parts, geomelric.al and chemical. Th(‘ geometric*al ]>ai“t classifies tU(‘ way 
in which one lattice Ctin be transfornu'd into another while retaining the origijial 
network of the strnetiire. The chemical paH , oil the other hand, aceoimis for 
the j)()ssibilitv of 1 ‘eplaciiig one kind of aiom by another and iilso the iiuTeasc* or 
lowering the total number of atoms ])er unit of lattice. to])otactic change s 

ijivolve more than hiterual rearrangements of atoms along with tie* subsl itutioji, 
removal or addition of atoms to the original structure. In g(‘neral, to|)otactic 
changes involving the loss or gain of atoms will h^ave th(‘ main symmetry din‘c- 
tious of‘ the (Tvstals unchanged. But it also seems p()ssil)l(‘ that an asymnudrical 
crystals may, by th(‘ loss of its atoms, transform ijito {i foi ni of higlu^r synmu'try. 
F^irthcu’ to])otaetic changes may occur on tlu‘ newly fornu'd crystals. 

Thus with the aim of establishing what structural re^latiouships exist between 
the different phases, most of iron oxides and oxyhydroxidi's and th(‘ir U'ansfor- 
mations from one to tlu‘ otlu'r have been studied in gr(‘at detail. The r(‘sults of 
the ijivestigatious arc given in the next s(‘ctioji. 

K X V K 1? I M E K T A I. U K S V L T S 
(a) Ferrous hydroxide. (Fe(OH). 2 ) 

Thesn ow-whito preciipitate of FedOH)^ \\hi(‘h is f)l)tain(ul uhen an alkali is 
added to a ferT’ous salt solution, turns gretuiish as soon as it com(\s in contact with 
air. To show the true colour of Fe(()H ).2 preci])itate. it is Jiecessary to boil both 
the alkali and salt solution ladbre mixing in onhu* to elirninatt^ the dissolvcfl 
oxygen and the precipitation must be carried out in fin iniut atmospluTc. Natta 
and Casazza (1928) from the powder diffraction phot(»gra])h determined the 
structure of Fe(OH) 2 . They found it to b(‘ hc*xagoiial with one formuhi unit iji 
the unit cell of axial parameters a 3.24 A and c -= 4.47 A. 1du\s truciure is built. 

two hexagonal cdose-packed OH' laycus haviiig Fe in the* octahcHlral position 
in between them. The atomic coordinates are one Fe at (0,9,0) and two OH 
at ih(2/3, 1/3, Z) with Z 0.20. It is to be notc^d here that the OH' layer has 
Fe++ on ojie side of it, whereas on the other side it is bound to another OH' layer 
by hydroxyl bonds. 

Thfmgh it is thought that Fe(0H).2 is very unstable at ordijiary temperature 
and in contact with air, recent work by Shipko and Douglas (1950) had shown 
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that pure Fe(OH) 2 , in eoniaet with a solution of y)ota88iunn chloride or excess of 
liydroxyj ion with complete exclusion of oxygen, was stable for a period of six 
months. Moreover, Gayer and Woonter (1957) reported from their chemical 
analysis that the green precipitate, observed at the initial stage of the oxidation 
of white Fe(OH) 2 , no traces of ferric ions were found. Our (1960) work also 
showed that even w^hen 20% of Fe* ‘ ion in Fe(OH )2 was oxidised to Fe+++, there 
was no change in the structure of Fe(OH) 2 . 

When the white pre(!ipitatc of Fe(OH )2 is washed with oxygen free water 
and then heated to dryness it decomposes to FeO, some FcaO^ also being formed 
at the same time. Recently, Goodman (1958) has shown from electron mieros- 
c(»pe and electron diffraction study of single crystal of Mg(OH )2 that on dehydra- 
tion of Mg(OH )2 to MgO there is an oriented relationship between the two phases: 
the [001 J of the hexagonal Mg(OH )2 (;rystal transforms into [111] of the cubic MgO 
and the 1 1 10] of Mg(OH )2 becomes 1 1 10] of MgO. As Fe(OH )2 is very unstable, 
it was not possible to study the oriented relationship between Fe(0H)2 and FeO 
using single (‘rystal. From the fact that both Mg(OH )2 and Fe(OH )2 have the 
same structure (Cdl 2 type) and also from the similarity between the MgO and 
FeO structure (Na(>l type), it seems reasonable to think that in the transformation 
of Fe(0H)2-->Fe0, the same type of oriented rclatiojishiy) occurs. Fig. I shows 
how two hydroxyl layers in Fe(OH )2 could combine together to form a single 



Pig. 1 Transfonnation of Pe(OH )2 FoO. 

(a) Tho arrangement of hydroxyl layers along [001] of Po(OH )2 

(b) Tlic arrangement of oxygen layers along [HI] of FeO. 
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orM'Utod r<-liitiifushi]> wiiii ti ot cui s bed ween FoO 
and FejO^ has been disonssod later on. 

(b) Delta, ferric oxyhydroxide (fJ-FeO.OH) 

Fe(OH), in alkaline soint ion, when <.xi.lisc.l by air or oxyjien. transh.rn.s into 
a-FeO.OH. The possibility of oriented relationship between Fe(()H),, and 
a-FeO.OH has been reported by Franecnnbe and Hooksby {195!t). 

Gleinser an<l Gwinner (11(39) n^j.orled that Fe(()H),. when oxi<lise<l by H„(), 
or (NH,) 2 S 20 s in oxeess, transformed into a ferromagnetic eomi.otmd, which they 
called /y-FeoOa. The X-ray plndograph of this (^-Fe.O., was iiileri.retcsl by them 
in terms of a hexagonal cell with axial parameters f/ r).(MJA and c 4.4 1 A. 
This particular eompoimd was studied hy us in ^r,vat detail and fomid not to he 
an anhydrous oxide of iron hut an oxyhydroxide (FeO.OH). Moreover. th(‘ 
X-ray diffraetion photogra])h was indexed in terms of a smallcu’ liexagonal (‘ell 
with a 2.h4 1 -{-(l.dOr) A and c 4.40^0.0! A (Rernal, l>asgu])ta and Maekay, 
1059). 

Though stahlc* at room temp(u*atur(‘, f!>'-F(‘0.()H (‘ould not he ohtainc’d in the 
form of a single crystal. Hydrothermal trc'atrmuit was aticnnpted hut it was 
found that when powdered f^-FeO.OH was Imated in a Ixunh at 100 T, it was cou- 
verted into a-fe 2 () 3 . From the similarity ot thepowden* pattern and axial parame- 
ters of c)-FoO.OH and Fe(0H)2 from the fact that the pattern of 

f^-FeO.OH could he obtained from that of a- Fc^^O.-, hy choosing lines w ith I indiec^s 
divisible by 3, it seems rc’iasonahle that the strucdiire of FeO.OH is intc'rrnedi- 
ate hetwxMm those of Fe( 0 H )2 and a-Fe^O^. It should he ])oint<*d out here that 
in Fe(OH)^, OH layers have Fe on one side of it-, whereas on tlie other sid(‘ they 
are eonneeted to another OH Jayer by hydroxyl bonds. Jhit in a-FO.^O^, the 
hexagonal elosevpaeked oxygeji layers liave Fc', in the octahedral sites, on both 
the sides. The striking feature of the powder pattern of f^-F(*O.OH is the very 
weak (often absent) (001) refieetiou. This suggests that iron must he in the 
octahedral position on both sides of the (dose paeke<l O'/OH' layers. The density 
of fJ-FeO.OH allows only one formula unit in the unit cell. The; number of iron in 
the unit cell is thus one. To satisfy the condition for the 001 reOeedion, half of 
this iron should occupy the octahedral j>osition on side of the (doHe])aeked layer, 
the other half being placed at the octahedral side on the? other side of tlu^ layer. 
Fig. 2. shows the probable structure of cJ-FeOH (compared to that of FedOH)^. 

Feitknccht (1043) observed a similar tyju* of structure for Fd(OH)F, where 
ions arc distributed equally bet w ecu two octahedral sites hetweeux two 
hexagonal close-packed layers of mixed OH' and F' kms. Howeveu’, in the ease 
of #^-FeO.OH a better agreement betwoen-the observed and calculati^d intenHiti(^,s 
was found w^hen 78% of the total iron w^as placed equally at the two octahedral 
sites (0,0,0; 0, 0, i) and the remaining part of iron in the four tetrahedral posi- 
tions at ±(1/3, 2/3, 1/8) and ±(2/3, 1/3, 3/8). 
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(c) 77/r hffsir j'vrrottfi vatn pfex^^i 

AA'h<‘]i alkali iusiiflic'ioiil io allow the (‘<)in})le1e ])ro(‘i|)ita< ioii of Ke(()H).jj is 
adchvl i(> ferrous salt solution a. st'ries <»f unstabU' c*oin])l<*xes of ferrous salts are 
iorm(‘(l. Keller (I94S) ]'e])ori(‘(l tliiee basic chlorides obtained by ])artiai ])re(*i])i- 
tatioiL from Fcd^, with various coU(‘eiit rat ions of alkali. The basic com]>lexes 
and 1h(‘ir transformation on oxidation or dehydration Inuye been studied by 
(19511). Of these coin])lexes two are from Fedo sr)luti()n and the other from FeSO, 
solutions, are of threat im])ortaiu‘(‘ as tlu\v, on oxidation transform into y-F('O.OFl. 
Th(^s(* two compI(‘xes liavo ])oen rehu-red as ^re(‘n rust I and 11 res])ectively. 
Tlio ^rt‘(*n rust 1 was found to belong to tli<^ hexagonal crystal system luit tlie 
axial ])arameters varies for different preparations as follows : 


(•) 

(( - 

3.19S 

1 9.005 A, 

r 24.21 

.L 

0.01 A 

from 

T’oCls 

(ii) 

ft - 

3.23 

L 0.01 A, 

r - 22.50 

J. 

0.01 A 

from 

FeS 04 

(iii) 

a - 

3. IS 

L o.til A, 

r -■ 22. SO 

4- 

0.01 

from 



During oxidation ^reen rust I. pre])anMl from FeSO^ solution, j)assed through 
another ydiase befoi(‘ being finally cojiverk'd into y-FeO.OH. This phase, termed 
as grecui rust II, also ludongs to hexagonal crystal systtun will w/ — 3.17 1 0.01 A 
and V — 10.90 | 0.01 A. 

Due to the instability of the green rusts it was not possibh^ to make a complete 
study of theii* structures. H()wever, from the dimensions of theii* axial lengths 
and the nature of the layer structures of almost all the oxides and hydroxides of 
iron some speculations cjmi be made as to their strmdures in terms of the ])aekiug 
of equal spheres, if the following assumptions are made. 

(i) Hexagonal layers of anions (O" or OH") are statjked so that regular 
tedrahedra fill the space. The layer distance is thus O.Sl 7u where n is the diameter 
of the anion. 
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(ii) There will be emirty tel rahedral and octaliedral sites availal.le for eat ions. 
There is no great distortion of the stnielure in filling these and the eonsifleration 
is restrif ted only to the octalierlnil holes. 

(iii) ihe shtiriu^ of faees by eo-ordiiial ioii oetaliedia (oi* letraliedra) roiuid 
tho eatiou is rejeeted (I’auliiij^^’s ruU‘). 

(iv) The eonipouiids are all stoiehioiuetrie. 

There are then only the tbllowiu^^ number of possibilitic^s of slaekiii^r, ^^'ller•e A, B, 
C denote the anions at (0,0, Z): (l/:h2/:h Z) and n, h, r d(‘jiote llir anions with 
the same eo-ordinates. 

(a) 2 Idi/m \ (kmipositioii AO^: siHjuenoe of laveis Aelf - A (r -r- I.IKh'la 
hexagonal) 

(b) : (i) eom])osition AO: se(ju(‘ne(‘ of lay(‘rs A(*lhi(d)A (cubic <t 

: - 1.414-a), (ii) composition A./tj. se<|uenc(‘ of layers, AcBb(^ A(r 2. foa hexa- 
gonal), (iii) composition AO.j. s('f|ueuce of Lmus AcB A (c 2.4;“)^/ 
hexagonal). 

(r) 4 A///rr-s‘: composition A^O,, set|uen<*<‘ ol‘ layiMs AcB— Al>(^ A or A~ 

BcAbC^ A (r --- Jh27</ hexagonal). 

(d) 0 htjitns : (M)m]>osilion AOo se(|u<‘nc(‘ of layers y\cB-cbA BaO — A. 
(r -- 4.00a, rhond)ohedral). 

(r) 0 Idi/PKs : (tom]>osi1ion A^O^j’, s(‘(|uenc(‘ of laycus AcBa(^ Ba(0>A — 
ObA(di— A (rhombohedral); cojn[)osition AO.j*. si*(|uenc(* of la\ (as AcB (• -IhiO — 
BaO A — ObA A or A— B (^iB - 0 A1)0 -BcA (r 7.»‘kV/, rhombohedral). 

From the above considerations, it- ap|)ears that as a lirst a.j)]»roxima1 ion the 
green rust I has the 0-lav(*i‘s rhombohedral .struct ur(‘ (cht ~ 7.2 ol)serv(Hl) and 
green rust J1 has a f -layers structure (e/r/) - ,*1.4 ohservcsl). Kig. ‘I shows the 
])ossiblc structures of gi’e(‘n rust 1 and II bas(‘d on th(*sc assumptions. 

(d) a (Uid y -Ferric ().rj/hf/dro,ridr>'< (oc and y-heO.OH) 

These tw'o oxyhvdroxides of iron (»ccur as natural miiu'ral (Joethiti* and Lepi- 
discite respectivel_v. Synthetit^ally, (hK‘thite (a-F(‘().()H) can be pr(‘parcd by oxi- 
dising the green rusts. 4^her(‘ ai*(' also other uu'thods o1 prc'paration ot these 
twxj oxyhvdroxides syntludieally. 

a-FeO.OH transforms into a-Fe.U:, on dehydratioji. (toldsztaub ( 10:U ), while 
studying the transformation of single crystals of a-FeO.OH into lound 

an oriented relationshij) betwwji them. He shov'cd that the |lt)0), |td<d and 
|()01J axes of the orthorhombic c(’ll ol a-FeO.OH transiormed into | I 1 1 |, j J Itll 
and [112J axes respectively of the rhombohedral c(‘ll of a-Fe/Aj. 

y-FeO.OH, on the other hand, transibrms into y-Fe^O;i dehydration aJid thcJi 
to a-PcaOa on further heathig. The transformation of 7-Fe0.()H-->^7-Fejj03-> 
a.Fe203\vas studied by us (Benial, Dasgupta and Mackay, 19.17) using single 
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crystals of y-FeO.OH. It was found that y-Fe 203 crystals are formed with their 
|110J ajid [IJOJ axes parallel to [lOOJ fOlO] and [00 JJ axes respectively of 


Green rust I (?) FcCi2 Green rust U (?) 



Id«d formula Fd*^Fd**OiOH'(7) 

9 kiyer rh. 

Fig. 3 8tru(?1urort of gmi'ii ruwt I I I . 

y-FeO.OH, That the flOOJ of y-FeO.OH is parallel to one of the cubic axes 
[001] of y-FcgOg could be seen from the X-ray photograph (Plate VTIIA, 
Fig. 4(a)(b). Tn the se(‘oiid transition from y-Fe^O., to a-FcgOg, (Tystals of the 
latter grow with their [001] axes parallel to [111] direction of a-FcgOg and their 
[110] directions being parallel to the [110J directions of a-FcgOg Fig. 6. 

The mechanism of the transformation can be explained as follows. Fig. 7 
shows the similarity between y-FeO.OH and y-FcgOg (spinel type) structures. The 
traixsition would require the removal of half of the hydroxyl group together with 
the hydrogen in the adjoining hydroxyl sheet, as water molecules. This is followed 
closing up of the (010) layers from 12.57 A to 8.85 A, that is, by 30% or 1.86 A 
per layer in the [010] direction of y-FeO.OH. There is also a shift of half an 
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\ 





I U \ 


' / .1 




Fig. 4(a) Single e.ystul X -ray rotation idiotograpli ..f y-F.O taken al< ng [lOOJ. 
Fig. 4(b) Rotation pliotograjili of a singh' crystal ol y-FoO.OH heated at 
2.50''C for 3 )irs. showing t.lie transformation y-Fe().()H- y Fc/J;,. 

The shar]) s|)ots corresiiond to unchanged y.Fi'0. 01 f and the ditfnso 

B])ots to y-FejO.,. The i.hotoginidi was tuk.oi along t)u- 1 Illlt| axis of 
•y-Fo.OlI and that coiTosiionds to fOOl | oms of y-FisO;,. 
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-1(f) U(>ta(ion jjliotoKO’fiph of single crystal of y-FrO . Oil luailr d lo :!50' (1 
for hrs .'•howiiig tlic tiansfoimation of y-Fc^O;! a-P(‘j().{. The kIuh*]) 
Hj)ots ar(' du<‘ to l.j and tlic (liffiiso k])(>Is ai(* due (o y-P'<‘-()(. 



Fig. r». Single crystal X-i-ay r-otat ion photogi-a]>h of Fc .,()4 heated 1 o tiOO' C for 2i} hrs. taken 
along [lfM)J of Fe:,() 4 . Thi' slrai’ji .spots air* du‘3 to VcmO^, while tin* wc'aker Hi)Ot.s are due 
to y-Fe^O.,}. 
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oxygon ion width (1.94A) in the [100] direction. The resulting strain d.io to the 
shift may explain the disorder in the y-iV.O, crystal {diffuseness of the spots) 
iOom the fact that the a-Fe,0, crystals an* oriented with re.spei-t to tiiose of 
y.Fe,03 and not to those of y-FeO.OH. it seems reasonable to think tliat the for- 
mation of a-Fe^Oa is subsequent to that, of y-Fe^O^. This transformation does 
not mvolve any loss or gain of material but only a vestaeking of elose-})aekod 
oxygen atoms (cubic to hexagonal) on the {111} fa.-es of y.Fe..O, (Fig. 6). 


Zm 


t 



() lOjutaxial n*latH)iisluj) m Ihf t ra.iiHf<Mniation y-Vt‘().()U y-VtijO.j 
lj('f)i(lor'r()cit(* 1 lat^nint itt^ 


(e) Magnetite (Fe^O^) and MaghewUe (r-Fe,/).^) 

The most itnjmrtHut ferrite, Magiietile (FejjO^), NNliich niav be writleii as 
FeO.FegO.^, is the only certain t>xi(le iut(*r!mKUat(i l)etwe(Mi h'.rrous and fcTric 
oxides. Magiiotite was known from very early ages 1o be oik^ of the ft;w ferro- 
magnetic compounds as natural mineral. Magnetite which is cubitt (face-centred) 
transforms into y-Fe^O;, (cubic) on oxidation. 'y"F(\>03, on further luxating, 
transforms into a-Fe^O..,, (lu'xagenal). The transit ion of Fe^O^—^yFcoO^— >aFe.^,().j 
brought up f)y heating magnetite in air has been studied by several workers. 
It was found that synthetic magnetite transformed mon* (‘asily into y-FejjO^ 
than the natural magnetite. While oxidising synthetic magnetite, it was found 
that there are four forms of y-Fc203. Three of them belong to the cubic 
system, while the other belong t(j the tetragonal system (Bernal, J)asgupta 
and Mackay, 1959; Van Oosterhout and Kooymans, 1958), The oxidation 
of Fe304 on heating has received considerable attention largely because of 
the difference in the behaviour of the natural and synthetic Fe304. Experimental 
5 
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works ol' Schmidt and Vermaas (1955), Lepp (1957) and of many others showed 
iJiat syuthrtic ^0^04 oxidised first to 7— FegOg and then to a-FegOg, whereas 
natural Fe304 oxidised only to a-FcgO., usually at a high temperature. Our 
X-iay study on the natural single crystal of Fe304 also confirmed this obser- 
vation, Plat4‘ VIIIB, Fig. 5 . The early workers found, on oxidation of 
Fey04 that some extra lines ajjpeared in the X-ray photographs, 

the general pattern remaining the same. It was found that those extra 
lim^s could be actcountxKl for if 7-Fe203 had a primitive ceil (Fe304 is face- 
centred (Mibif ) of the aj)})roximate dimensions of Fe304. In recent years, 
various workers have expressed doubts about the structure of 7-Fe203, 
which was ])roposed by Thewlis ( 1931 ). Hagg ( 1953 ) from his X-ray diffrac- 
tion study of 7-FC0O3 concluded that the changes in the intensities of the 
diffraction lines and also in the density of y-FcgO^, from those of Fe304, were 
])rodu(red by tlu* vacant sites in the iron atom lattice in tht^ spinel phase rather 
than by the addition of oxygen. The suggested structure for y-FcgOg was a defect 
spinel with cation vacancies in an oxygen ion frame work. Hence, vhon Fe304 
is written as Fe^^^ Fe^,j+^+ O32 — , y-Fe^Oa can be written as Fc+’^ 21.33 n2*i7 ^32 ~ 
where 07 denotes cation vacancies. Verwey ( 1935 ) also suggested a similar 
structure where tlu^ valiancies wx^re preferentially located at the octahedral sites 
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Fig. 7 Sinulurity of tho y-FcO.OH and y-FouOa (spinel) structured. 
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for Fe. This was supported by Henry and Boehm from tlieir measurt'ment'^ 

of magnetic moment and also by Ferguson and Hass (IPftS) frotn their neutron 
diffraction study of y-FcoOg. 

Since 1935, it has been generally accepted that y-FcgOa ndiic with 10;^ 
molecules of y-FeaQ^ in the. unit cell. Van Oi^sterhoiit and Rooymanns (1958) 
have shown that in y-FcaOa, prepared by decomposing ferrous oxalate dihydrate 
in an atmosphere of steam and nitrogen followed by an oxidation at 250 "C, some 
extralines appeared in the x-ray photographs. Tt has been })ossible for them to 
assign indices to all these extra lines| using a t^etragoiial cell having c - 3r/ with 
a same as that of the cubic cell. Tin' new cell provides 32 molecules of y-Fe^CX^ 
instead of 10| in the cubic cell. It is seen tlmt the structure of y-Fe^O;, eau 
be obtained from that of Fe 304 , when there is deficueney of Ft* atoms in the 
octahedral sites of Fe 304 structure. The relationship between Fe .|04 (or y-Fe.,0.d 




( SpinH structure ) 
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tuid a— FojO;, structureK has already been explained earlier and is shown diagra- 
!iiati(^iilly ill Fig. S. 

(f) Side rile or FeCO.^. 

Though FcCOji does not fall in the iron oxide and oxyhydroxide series, yet 
it has been int liidod in the present pajier as it deconipases into FeO and Fe.j 04 
when heated at high teniperature. 

Single crystal of FeCT)^ was heated in a sealed t ube to 550' (\ At that 
t(un])eTatiir(* it was not magnetic but on cooling it becomes highly magnetic. 
Though this magnetism was accompanied by a change of colour, the crystal retained 
its original sharp edged rliombohedral form. The faces of the crystal appeared 
to be very rough when viewed with a high power microscojie. An X-ray photo- 
graph taki^n w ith tlu* heatiMl f rystal rotat ing along the ajijian^nt [llOJ axis shows 
it to be transformed into FcO and Fe^O^, both of them having an oriented relation- 
shi]) with th(‘ original crystal. From the measurement of the X-ray jihotograph, 
it was seen that there was no unchang(Ml FcOO.^ or Fe. The indices of the spots 
along thi^ zero layer line shows that the cubic phases (FeO and Fe 304 ) ai'c oriented 
])arallel to each other. The diad axis of the FeC'O.j crystal becomes one of the diad 
axes of FeO and Fe 304 . The oriented relationshi]) between FeO and Fe^O, can 
be easily understood from the similarity of their structures. (Fig. 9). 

^* 3^4 structure) 



Fig. J). Siruilttrit.i(‘s FeO and F(\.,()| Htructur(*s showing tho closo-paekt'tt oxygen 

layers along tht' [HI] directions. 


The structure of FeCOg (rhonibohedral), which is shown in Fig. 10, is not very 
different from those of NaCl or FeO. The FeO lattice compressed along [111] 
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uxis would flatten out to become rh..mbohe.l,al and make room for disc-shaued 
CO 3 10 ns iu place of spherical O ions. it appears that FeO must derive from 
FeCOg simply by expulsion of CO., and change of angles between the sheet of 
atoms from 72*^ to DO The similarity also suggests tliat the triad axis of FeCOg 
will be parallel to one of the triad axes of the cul)ie crystal and that the 
three diad axes of both jihases are interchanged. It is most remarkable that in 
spite of the loss of more than half of the oxygen atoms from the structure, the 
orieutatiou is still proservc^l. 



(g) fi-Ferric oxyliydroxide {(i-FeO.OH) 

Weisor and Milligan (1985) reported this oxyliydroxide of iroii. Tliey found 
that when FeCl^ w as hydrolysed at 95 '(^ for h hrs. the resultant brow n ])rt*< ij)itate 
was quite diffenuit from any of the existing oxides or oxyhydroxides of iron. 
From their dehydration isobar stmh , they coneluded that it was a monohydratt' 
of iron oxide (Fe^Oa, H^O or FeO.OH). In tlie present study it was found that 
not only FeCla, but FeFa and also any other ferric^ salts in ])r(‘senee of Cb or 
F' ions gave /?- FeO.OH on hydrolysis. Kratky and Nowotny (198S) tried to index 
all the lines of the powder diffrac t ion pattern of //-FtjO.OH iu terms of an ortho- 
rhombic cell wdth (1 10. 46 A, h — 1U.24A ajid c -- 2.84 A. During the present 
investigation, it was found that all tlu^ lines iu the powder jdiotograph could bc 
indexed in terms of a tetragonal cell with n — I0.4S dr 0.01 A and c — .1.028 
d-0.005 A. It wdll be worthwhile to mention here that no close pairs, such as 
(200, 020), (400, 040) where observed wdiich could distinguish /i-FeO.OH, as be- 
longing to the orthorhombic crystal class. 

As it w''as not possible to obtain any single crystals of // - FciO.OH , no detailed 
structure analysis could be carried out. Recently, Rystrom and Brystrom (19.50) 
have determined the structure of the mineral hollandite and the related 
manganese oxide muierals. a-Mn 02 i*s tetragonal wdth a — 9.8 A and 
c = 2.86A and Hollandite has a pseudotetragonal cell with a — 9.96 ± 0.05A 
and c = 2.86±0.01A. The systematic absences in the case of hollandite are 
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Uie refl4*(‘ti<)fiH with // I /- 2ji. From the similarity of the powder pattern, 
axial Jt^u^ths and tiu* conditions for reflection (for /^-FeO.OFT, h^-^lc+^ 2n), 

it seems that the two structures are similar. Fi^. 1 1 shows the structure of 
Hollandite projected on (001). It can he seen that the metal ions are at the 
(•(Mitre of the MOfi octahedra and there are ojien channels parallel t.o c axis. In 
the case of Hollandite, ions (its diameter being greater than the length of 

(• axis) are distributed along these channels statistically. From the fact that the 
])erceutag(‘s of or F ions, which are essential or the formation of y?-FeO.OH, 
are not constant in/AFeO.OH, it is highly probable that in case of /y-FeO.OH, 
also (^r or K' ions enter the structure but are not yiresenl stoichiomctrically. It 
a])})ears that the Fe' ' ' ions, in the case of ^-FeO.OH, should be at the centre 
of Fc((), ()ll),i octahedra whereas the OF or F' ions are distributed statistically 
along the cliannel parallel to the c axis. 



Fig. 11. Structure of Hollaruhle, ojx'ii (urch's denote ions at Z = 0 and 
th<' filled eireles at Z — 1. 



Fig. 12. Comparison of values for Hollandite and i5-FoO,OH. 
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The diameter of five Cl- ion (3.«2 A) is greater tliau the c dimension of /i-FeO. 
UH (3.023 il: 0.005 A). This also suggests tlial Cl eannol he presejit in tlie structure 
stoichioinetrically. The reason that //-FeO.OH (ould not l)e prepared from any 
ferric salt eontaining Br ions can Ix' (“xi.lained hy the fact that the diameter 
of Br“ ion (3.90 A) is too hig for being placed along the c axis of //-FeO.OH. 
Moreover, the similarity between the curves for F-/,i,/F^ 3 „ ratio of llollandite 
(calculated) and /i-FeO.OH (ob.served), as shown in Fig. 12. also suggests a .simi- 
larifv between the two struci ur<‘s. 

1) 1 s V V s s r (> >; 

From the present study of inui oxides and hydroxides it secuus (piib* twidenl 
that there are two definite series. Tlie starliag ])oiid of one series is the wliile 
Fe(OH )2 and the basi<* [(‘rrous salts, pr(‘pan‘d by adding insuftieient alkali, give* 
ris(‘ to the other s(‘ries. Most of tlie oxides and oxyhy dioxides ar(‘ the r(‘sult of 
oxidation or dehydration of lAdOH)^. y-FeO.OH, vxhieli could not be prepared 
from Fo(OH ),2 in any way, detinitely belongs to the other series. 

The formations and transformations of almost all the oxides and oxyhydro- 
oxides of iron c^an now be well represented by the Fig. 1,'b It is tjiiit(* certain 
that all of them exee])t //-FeO.OH are built u]) of clos(*-[)aeki‘d oxygiui layers and 
the nature of ])aeking depends u}iou the struct urt*s of th(‘ individual ])liases. 
Fig. 13 shows tJie diff<*rent form of transformations from oiu* phase t<i another. 
As has been described in earlier chajiters, the nature of all th(*se transformations 
sugg(‘st that they take place, not l^y tlu^ complett* breakdown of tin* structur(*H 
of the origin phases but by simple shifting and re-stackiiig the different layers in 
the original structures. These obs<*rvat.ious naturally sufiport the idea that 
whenevei* th(^ steric conditions jiermit, solid state transformation, even if a large 
amount of the materia] is lost from the system, can procc^ed by a minimum 
rearrangement of the structures of thc‘ single crystals, involving litth* mon* than 

the mechanisms of dislocation glides, such as ])rodu(ui»g stacking faults and 
twinning. 

The most interesting feature of the different members of the iron oxides and 
hydroxides groups is that most of them are built up of hexagonal cloHc-])acked 
or cubic close-packed layers of oxygen and hydroxyl ions. The se(|uenees of the 
layers may be represented by ABA BAH... or ABCABCABO... respect iv(‘ly. In 
some cases, some slight variations in the sta(*king of layers other than the eon- 
veutioual ones are possible. 

Fo(OH )2 is built up of hexagonal elose-paeked layers, tho se<picnce of the layers 
being AcB-AcB, where the capital letters denote the positions of the anions and 
the small letters denote the position of the cation. When it chaugtjs into 6'- 
FoO.OH, on oxidation by strong oxideiit, there is no substantial change in the 
arrangement of layers. As it can be seen from the proposed structuie for S- 
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FeO.OU , the an aiigeiiiont of layers is the same as that of Fe(OH)jj. The difference 
in the two structures is thal in (J-FeO.OH tlie one H ion must leave the lattice and 
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tlic iron ion is divided iixto two so tlmt tlie two ot'tciliedriil positions l)ot\\i'<*n 

the oxygen and hydroxyl layers may he oeeiipie»l. I^hiis, from the seipK^iiet* 
AcB-AcB in Fe(0H)5j it ehaiiges into AieB|( A... in (y-Ft*O.OH. Again, in the 
transformation of Fe(OTT) 2 ->FeO, it ean he s(‘en that the tuo hy(lro\> I layiMs 
in the former give iq) hydrogen in the iorm of water and form a single layiM* of 
oxygen in FeO. Here the hexagonal elose-paektMl layers in F(‘(OH). transform 
into cubic close-packed layers in FeO, the oiiginal [(M)l | axis of hecom- 

ing the [1 1 1] axis of FeO. The t raiisformatioii of FeO->Fe.,0, ean als(> lu' explaiiu'd 
in terms of topotaxy. The addition of extra oxygen to FeO do(‘s not make any 
substantia] change ni the original structure so fai* as the slacking of tin* oxvg('n 
layers except ehanging the axial lengths (the axial lengtlis of Fe.^O^^ are nearly 
double those of FeO). The din'ctiojis of Iho ]n*ineipal axes remain tin* same 
after transformation into Fe^O^. Though all the translbrmations such as F(‘(OH).^ 

FeO. OH, Fe(0H)2~> FeO and FeO— >F (‘304 can he (‘xplaiiu'd in ti'rms of 
to})otaxy, it is not yet. known how Fe(OH )2 eaiieonvint dir(‘etl> into Fe-^O, on 
oxidation. If FeO were found in hetwcaui Fe(OH )2 and F(‘;,0,, tfum it would 
have been possible to describe the whole transformation as to])ot{n tic. 

That two topotaedie transformations ean take* ])lae(‘ one aftin* anotlnn* was 
clearly illustrated hy th(‘ transformation (»f a single* crystal of Ja^pidoeroeite* 
(y-FeO.OH) into Maghemite (y-Fe^^^ii) thenint(> Ibnnatite* (a-Fc^Ckj)- Le]ndo- 
(n'oeite is built u}) of nearly (‘iibie close-packed ox\ gen-hydroxyl laye'is, hut 1h(‘ir 
cubic faces are an*anged at approximately 45 to the r-axis. Win n it is heated, 
one of the two adjoining hydroxyl layers is r(*niov(‘d as water, eo]LV(‘»1ing tin* two 
layers into a single layer of oxygen only. Idn* whole arraiig(‘meiO ol tin*- atoms 
then eoTTes})onds to a spinel struetnn* (maglnmiite) having an oii(*iit(‘d rt*Iat iouship 
with the oidgiiial structure. Wh(*ii this translorim'd crystal is h(‘at(*el lurth<*i*, 
further change takes jilaee. On the (111) faces of the freshly jirejiared Maghc'iuite 
(transformed from y-FeO.OH) the Hematite crystals grow up h(*autifull\ . Here, 
the 1 ! 1 1 I axis of the Maghemite bi^eomes the |(M)1 ) axis ol tin* h.(*niatit(' crystals. 
The seipieiice of the oxygen layers is ABC'ABC’ in y-Fc'./Xj. and Al^AI^AIl in 
a-Fe 203 , maghemite being enhie and hematiti^ rhomhohedral. I li(*re is also 
another interesting point to note in this transformation. In the X-ray ])h<do. 
graphs, the spots duo to Maghemite an* diffuse, wdn‘reas the s])ots due to Hc'inatite* 
are fairly sharp. The diffuseness of the maghemite spot s indicates t he change from 
an asymmetrical arrangement of the oxy-hy<lroxyl layers in y-te-O.OH to a mon* 
symmetrical arrangement of oxygen layers in y-ke^O;!. I h.e more exact lit h(‘tw (^en 
Maghemite and Hematite, which permits easy recrystallisation, accounts for tlie 
sharpness of the Hematite spots. The Magheinitc-Hematite transformation is 
very close to that which occurs in the Magii(*tite-Hmeuite transforination found 
in natural minerals. Hero the original titaniferrous Magmdite breaks down into 
llmenite (FeTiOa), the structure of which is similar to that of Hematite (a-FcgOg). 

6 
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As in the former tr ansi o r math )n, here also the c-axis of Ilmcnite becomes parallel 
to the jlll] axis of Magnetite, 

Home irregulai* arrangements of the oxy -hydroxyl layers other than the con- 
ventional ones, can be seen in the green rust 1 and IT. In green rust I the 
arrajigement of the layers is AB'CBO'ACA'B, whereas in 11 it is like 
A'BACA'BAC. Both these green rusts contain blocks of cubic and hexagonal 
close-packed layers. The cubic and hexagonal ])ortions are ABC and BOB res- 
pec^tively in greeji rust 1 aid i^AC and ABA Tes})ecliv(^iy in green rust JI. 
Though the ti-ansformation of these two green rusts into //-y-FeO. OH or to FeO 
could not be demonstrated using single crystals, it ajipears that both the 
transformations are topotactic. Indirect (‘vidence that tlui change is tojiotatic. 
is provided by the fiwX that the^ gren^n rusts 1 and 11 always give rise to cubic 
close-])acked oxides or hydroxides. It can be seen that by suppressing one 
layer in three of the green rust 1 and one layer in every four in green rust II, 
as shown by the dashed letters, both the rusts transform into cubic close-pa(*kcd 
stru(*tures, with the stacking of layers as ACBA(^B...and BAC^BAC... in green 
rust I and II r(\spectively, whereas the direct oxidation of the hexagonal close- 
packed Fe(OH )2 h‘ads to two hexagonal close-jiacked oxyhydroxides, depending 
upon the nature and rate of oxidation. 

A topotactic change involving the loss of atoms at one state and a gain of 
atoms at the lu^xt stagt^ is also clearly illustrated in tlu^ transformation of 
Fe(^. 0 ;,->Fe 0 ->Fe 304 . In the first stage COg leaves the original structure; in 
the second stage oxygen enters into the lattice. This removal and the addition 
of atoms did not prevent a topotactic traixsformation. 

It is now clear that most of the reactions shown in Fig. 18 can be expected 
to take places \N'ith oriented relatiojiships between the original an<l the transformed 
phases. The exception is //-FeO.OH-^a-FegOjj. There is no similarity between 
the structures of //-FeO. OH ajul a-Fej.O;,; on dehydration, the structurt^ of 
//-FeO.OH breaks down completely and reniuil(‘ation is needed for the transfor- 
mation process. 
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ABSTRACT. 'Pht' ultnivinlc't ti.l)sor]}li()ii of LLatmoo- and ^-aminopyridiric in 

(lii'IrnMit mIhIcs mimI also of Ifunr Holiitmn.s in alcoliol arul a-lioxano have b(‘er. ])hoto^m])h<'(l 
jiud analysed. In tie' vapour phase, lioth 1h<‘ su>),st-an(‘os oxIiil)it two Rysteins of disert'tc* bands 
due 0> transition a.r>.d 'T—>7r* transition respcH'tivoly. Tn the fas(‘ of 2-aTniriopyridiTie 

in <1 e laiiiid slaO* and in solution, the system due to transition shifts towards longer 

wavelini^dhs so that thi' bands due to th(* transition a-n* no! observed due to supt'r- 

])Osijion of tl (' tvv'o >,yMl(‘ins on (*aeh otner. In the ease of th(‘ solid stHt«‘ at the room t(*mp(’ra.- 
turt' and also at -- 1S0'’<\ the s]»eet rum se(*ms to <*on.sist of two parts just separated from eaeli 
oiler, the Prst iiart biang I lie -tt— ►‘TT* svstern, \vhi<‘h is shifted towards red bv 3740 eni i 
and th(' si‘:*oud part is exactly in tlie satni* reijion n^ which tb(' bands dui' to transitioji 

in the va])our appeal'. In the ease oi 3-aininopyridine, th(' bards diU' to nr-^TT* transition is 
observe! in the spivitrum du(' to its solution in a-h(*xane, but no eonelusion eouhl Ix' 
drjiwn I’e^ardm^ th(' presjuxc!' or absiaiee of n-^*7r* transilion in the easi's of solution in alcohol 
and pure lajuid and also in tVa* ease of the solid at the room tempi'rature and at -- 1 80*^0 
owiin» to til!' superpesitnai of llu' two systems. 

It has b!‘en pointed out tied tin' Iarp:e shifts obsi'rvixl with the liijuefaetion of 
tho vapour nia,y Ix' due to stroiiij; asstieialion of the molecules in the liijuid state*. 
Tht'n* IS also an ine.rt'asi* in tie* welth c»f llu* n*gion of absorption with solidification 
of ‘1 amiiiopynduM* and tins has been attrihuieil to the intinenee of neij^hbourinj^ polar mole- 
cules in the crystal on tin* transition moment. 

1 N T K 0 T) UC T T () N 

It was first pointed out Iiy Steplieusoii (19/)4) that near ultraviolet absorption 
speetniiu of ;{-))rouiopyridine in solution in iso-oetanc consists of two systems of 
bands duo to n* and tt— > n* transitiojis, while in the ease of 2-bromopyridine 
either in the solution or in the vapour state the former system is absent. It was 
also observed recently by the present author (Misra, 1960) that the spectrum of 
H-bromopyi’idiuo in the vapour state eojisists of twT) systems of bands arising out 

*C’ommunieated by Professor S. (’. Sirkar 
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of n* and 7r~> n* traiiHitions and in ihv spoctniin of 2-l)Toin(>in ridiiu* in ihv 
vapour state the 7i— ► tt* transition is absent. As ])ointed out by Ste])lH*nsou (1954), 
this is due to the inductive infiucnce of tlie halogen atom on liii' sp- (‘Icctroii of tlu‘ 
adjacent uitrogeji atom. It was observed fiirtfuM- (Misra. IbtiO) that in llic case 
of :i-broma})yridine in the li(iuid state and in tin* solid stat<‘a.t ISO i\ ihv //-> 77* 
transition is aiisent and this was explained to b<‘ due to formation of associated 
groups through the non-bonding electron of the nitrogen atom and the hydrogen 
atom of the neighbouring molecules. The tt* transition uas also found to 
be absent ui the spectra due to solutions hi aJeohol because of foi'matiou of hy- 
drogen i)ond through 1hi‘ .S77- el(H*tron of the nitrogen atom of llu‘ pyridine ring 
and the OH group of the alcohol molecule. Similar conclusions weri^ also drawn 
in the cases of pyridine and other substituted ])yridini‘s by Stephenson (1954), 
Banerjee (1951), 1957) and Hoy (195S). 

The ultraviolet absorption sy)ectra of 2-ainino and ‘bamino]>yridine in the 
vapour state did not appear to have been studied by any (‘arlier workiu* and there- 
fore, the influence of the NH^ gioiip on such //—> 77* transition uas not known. 
The present investigation was und(utakeii to analyse the absor])tion sjiectra of 
tluvse two substances in the vajiour state and also to study the influence of substi- 
tution of NH2 group in jilace of the Br atom in the 2- and .‘bjiositiou of t h(^ pyridhu' 
ring on the absor]dJon spectra. 

The absorption spectra of these tuo com])ounds in the ii<|uid static, hi 
the solid state at the room temperatun^ and at. -- 1S9 (' and in solutions in diffiTcnt 
solvents have also been investigated in order to study tlu‘ intlu(*nc(‘ of difftu'ent 
environments on the two transitions mentioiKHl above*. 

E X T K K I M E N T A 1. 

(Chemically pure sam])les of 2-amiiiopyridhie and Cl-amino])yridine supplied 
by Fluka, Switzerland wiTi* fractionated and the pro])(*7' fractions wt*re distilled 
under reduced pressure just before use. (kdls of length 59 cm, 25 cm and 10 cm 
were used to study th(i s])ectra due to the vapours. The absorption cell was 
filled up with the vapour at- saturation va])our pressures at different tem])erat.ures. 
Two separate electrical heaters, one for the absorption cell and the other foi* the 
bulb containing the liquid and attached to th(5 absorption cell, were used t-o control 
the temperature. The bulb containhig the li(|uid was always ke])t at a t(‘mpera- 
ture about By’C lower than that at any part of the absorjitioii cell. 

To produce low pressures in the vapour in the absorjition tube, the res(*rvoir 
containing the liquid was immersed in suitable low tempiu’ature baths while the 
tube was. left at the room tcmi>erature. 

With an absorption (^ell of length 25 tun, the bulb containing the compound 
was kept at 35°C to rectird both the n~> n* anti system of 2-aminopyridiue, 
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A 50 cm long absorption cell with the reservoir at bO'^C Avas needed to record 
the bands due to the tt* ajul /r-> rr* transitions in 3-aminopyridine. The 
tern [)erat lire of the bull) was raised to 70 C t(» recoril the ;r* system 
distinctly. 

\hu v tliin films of thickiu\ss of the order of a few microns of tlie sulistances 
were required to produce the absorption bands in the solid state. To study the 
spectra in the liquid state, the thui films of the substances enclosed between two 
quartz jilates weie placed in a heating chamber which was kept at temperatures 
about above the respeid-ive melting points of the substances. 

The solvents used to study the absorption spectra of the substances in the 
solutions vN'ere ethyl alcohol and ^/-hexane. The solvents were found to produce 
no absorption bands in the region under consideration. A l)rass cell of thickness 
1 cm provided with (juartz window was used for the solutions and the strcngtli 
of the solution for each (‘ompound was about .01% by weight. 

Spectrograms were taken on Agfa Isopan films backed by a meta! sheet- 
with a Hilger E 1 spectrograph giving a dispersion of the order of HA per mm in 
tlie region of 2fi00A. Iron arc^ sjiectrum was jihotograjfiied on each sjiectrogram 
as a (!omparison. 

Microphotometric records were taken with a Kipp and Zonen self-recording 
microphotometer. The absorption siicctra were (*alibrated w ith the help of micro- 
phot ometric records of the iron lijjes using the method described in an earlier 
paper (Sirkar and Misra, 1959). As the infrared absoiption speidra of these subs- 
tances had not been studied thoroughly by jirevious workers, the infrared ab- 
sorjDtion spectra of solution of 2-amijiiopyridijie in CCI^ and that of 3-aminipyridine 
in chloroform were recuirded with a Perkin Elmer Model 21 sjiectrophotomcter 
using rocksalt optics in order to find out the ground state vibrational freipiencies 
and these were utilised to (heck the excited state frecpiencies olitaijied from the 
ultraviolet absorijtion spectra. 

11 E S U L T S A N 1) JyJ S C U S S J () N S 

2 - A m i nopyridin e 

Microphotometric records of the absorption spectra of 2-aminopyridme in 
differe^nt states and in solution in different solvents are reproduced in Figs. 
1—3, and the spectrum of the substaiu^e in the vapour phase is reproduced in 
Plate IX, Fig. 4(a). The wave numbers of the bands in mn ^ with their 
approximate strengths and probable assignments are given in Tables I-III. 

(a) Spectrum of the vapour phase : 

It can be seen from Fig. I that the absorption spectrum of 2-aminopyridine 
in the vapour phase shows two distinct systems of bands. One of these two 
systems (Transition I) consisting of sharp, narrow linc-like bands starts from 
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about 32700 cm ^ and extends to the region of the other system ^hich consists 
of broad bands resembling those due to othoi* substituted benzeues. The formt'r 
system has been attributed to the traiisitioji after Kaslia (lOaO) ajid the 

latter to the 7r~> n* trajisitioji. Th(‘ analysis of the bauds of llu'se two systems 
is discussed separately in the following sections. 


TABLK I 

Ultraviolet absor]>tion bands of 2-aminopyridin(' hi tlu‘ va]>our phase 


Transition I Ti-nosition il 


wave numiicr (cm**) 
and str ength 


Assign iiUMit 

Wa\ o niniiht't’ (cni 
aqud slrrngtli 

1 

Assigimiont 

328H5 (w) 

0 

- 5()4 

34324’ (s) 


0,0 

(w-) 

0 

-- 455 

34(> 1 8 (w) 

0 

: 204 

33070 (vv) 

0 

-- 370 

3*700 (s) 

(► 

472 

33157 (w) 

0 

-- 202 

345KS7 (in) 

0 

003 

33i»i»3 (w-) 

0 

220 

3525l> (s) 

0 

i 02<) 

33304 (ni) 

0 

: 210 -202 

35550 (s) 

0 

i 1235 

33440 (vs) 

0,0 

357()5 (s) 

(t 

i 1441 

33510 (w) 

0 

i 525 — 455 

30025 (\v) 

0 

1 1235 1 472 

330)00. (w) 

0 

1 210 

3()1 77 (ms) 

u 

2 • 020) 

33705 (m) 

0 

j- 250 

30572 (m) 

0 

2 . 003 i- ! 

33780 (s) 

0 

1 3 0^ 

30)800 (u') 

n 

i 2 » 0()3 1 

33870 (ill) 

0 

1 430 

37008 (m) 

0 

3 - 02(> 

3307 4 (vs) 

0 

! 525 




34044 (III) 

0 

j j — s5 




34IlT> (nv) 

0 

: 2 ^ 340 




0 

1 250 i 430 




34l>00 (w) 

0 

1 811 




34310 (w) 

0 

1 340 1 525 





0 

i 2 430 




34332 (w) 

0 

f 210 J- 070 




34437 (\nv) 

(» 

-f- 088 




34400 (rn) 

0 

1 2 X 525 




34857 (w^) 

0 

; 1408 




0 

i 2 X 515 + 34(^ 




34942 (w) 

0 

{ i> X 340 ^ 811 
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(i) /?— > 7 T* Transitions (Transition I) 

Th(^ sharp band at 33449 cm“^ which persists with undiminished intensity 
cvcji at iho low pressure of the absor>)mg vapour has been taken as the 0, 0 band 
of this system. Most of the remaining strong bands represent transitions involv- 
ing excited state vibration frequencies 210, 250, 340, 525, 811, 988 and 1408 cm*'^ 
and also ground state IVeqnencies 226, 292, 379, 455 and 564 cm“^ as shown in 



34:^00 35300 30300 37300 mri 

Fig. i. i\licro])hot(>niotric n'cortl of tho ultravioh't absoij)li<)n Kpectruin of 2-amino})y- 

riciiiio ifi tlio vai)our pliast*. 


Table 1. The bands of wave numbers higher than 34125 cm'^ are su])erposed on 
those due to 77 — »7r* transition and this makes their accurate 'measurement some- 
what uncertain. The band of medium strength at 33364 cm~^ is probably not 
due to a n-^0 transition as no corresponding 0-4?; transition with greater strength 
could be detected. Jt was, therefore, assigned to a transition as shown 

in Table I. The weak band at a distance of 70 (mi~^ from the 0, 0 band on the 
high energy side is also similarly assigned as a transition. 

(ii) TT—^n* Transition (Transition IT) 

1"he band system in the region 34300 em“' to 37200 enr^ c.onsistmg of broad 
bands which are disthuitly different from the sharp narrow bands due to the 
Transition T has been attributed to the tt— > 7r* transition from their resemblance 
with the bands in the substituted benzene compounds. 

It was difficult to find out the exact position of the 0, 0 band of this system 
because of the superposition of some bands due to ??.— >7r* transition on these bands. 
However, the centre of the strongest broad band on the long wavelength side of 
of this system is at 34324 cm“i and this has been taken as the position of tho 
0, 0 band. The other bands could then be assigned as progressions and combina- 
tions of excited state frequencies 294, 472, 663, 926, 1235 and 1441 cm“^. 

The infrared absorption si)ectrum above 990 cm“^ of this compound was ear- 
lier studied by Katritzky and Hands (1958) who reported the frequencies 991(ms) 
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Fig. 4. Ultraviolet absorption spectra of aminopyridines in the \apour phase 

(a) 2- Aminopyridine vapour. 

(b) 3- Aminopyridine \apour. 
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TABLE II 


Ultraviolet absorption bauds of 2-aiiiiuopyridine (;r— ► tt* systems) 

0 1 % solution in nlcol.nl at 112 C .0 1 , Holution in n.hc>iHnc at 112 C 


Wave number 

aed strength AssigniiKuil 

Wave DuiiibfM* {<*m“i) 
and stri'iigth 

A'^Hignmciit- 

Jb’oad absorption band 
extending from 3241 i 

32885 (m) 


0,0 

to 30000 cm" • 

■without any (iiscreto 

33303 pn) 

0 

1 478 

structure 

33830 (tu) 

0 

1 045 


' 34317 (m) 

0 

; 1432 


34782 (in) 

0 

! 2 X' 045 


. 3575.5 (in) 

0 

i 2 ^ 1432 


1038 (m), 1148 (s), 1270 (ms), 1317 (s), 1441 (s), 1483 (vs), 1574 (s) and 1002 (vs), 
being the strengths of the banrls are given in parentheses. The infrared s])eetrum 
of solution of 2-aniinopyHdine in COIj was reinvestigated down to 000 em ’ and 
besides the above frequeneies a band at 710 em“' was observed. 

The exeitcd slate freiiueneies 003em"\ 920 em~^ ajid 1235 em ^ (‘vidently 
correspond respectively to the ground state frequeJici(‘s 710 cm h 991 eni"^ and 
1270 cm ^ observed in the infrared spcelra. Two grouml state fre({ueueieH 1441 
cm ’ and 1483 cm"^ luive been reported by Katritzky a/nd Hands (1958) and it 
juay be noted that tlm liand assigJied to Ihe excited static frecpieJicy 1441 cm ‘ in 
the present investigation is quite broad and it may coni])rise two unresolviHl bands. 

(b) InJlueJice of mtermolecular field on ihe specirn 
(i) Specfn/ of the solutiovs 

In the spectrum of solutioji of 2-aminopyridine in //-hexane (Fig. 2) a Ijand 
system consisting of bioad absorption bands is observed in the region 32500 cm-^ 


T 

§ 

<‘>'i 

0 

c» 

JD 

OS 

01 

y 

(b)l 


Fig. 2. Micro])hotomotric records of tho ultraviolet absori.tion spectra of solutions ol 
2-amino pyridino. 

(a) .01% solution in n-hexano. b) .01% solution in ethyl alcohol. 
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to 36000 cm*'. From the structure of this bajid syHtcm, it appears that this 
system corresponds to the tt— > tt* transit iou in the vapour phase. Taking the 
first strong l)and at 328S5 c*m'“' as the 0,0 hand of tiiis system, the other bands 
can be analysed in terms of the (excited state froqueneJes 478 em“', 945 enr ^ and 
1432 (;m“' and their harmonics. Thus in the case of /i -hexane solution this band 
system is shifted towards led by 1461 cm~*. As the 0, 0 band in the n-^n* system 
due to the vapour is at 33449 cm"^ and the 0, 0 band of the 7r->7r* transition in 
solution of h(‘xaju‘ is at 32885 cm ' it is quit(»- j)robablc that the former system is 
masked by the strong syst(un due to n—^n* transition. 

In the s})ectrum of .0F}{, solution of 2-amino])yridine in ethyl alcohol (Fig. 2) 
only one very broad baud du(‘ to tt— > 7r* transition is in the region 32000 cm“' to 
36000 cm '. If the 0, 0 baud is assumed to be at about 32414 cm“', which is the 
lojig wavelength edge of the borad band the band system seems to be shifted 
towards red by about 11)10 cm ' from its ])osition in the case of the vapour. 

The appearance of th<? band system due to the solution in alcohol is different 
from that of the system due to the w-liexanr* solution ajid it is similar to that of 
the pur(^ liejuid. The shift of the system is also much largei* than that observed 
in the case of the solution in hexane. Iheso Jesuits ])robably indicate th(‘ 
formation of associated groiqjs of 2-aminopyridiue mol cicules with neighbouring 
alcohol molecules du<‘ to hydi'ogen l>ond-formation as suggestt^d by Stephenson 
(1954) and Hoy (1958) in the cases of other pyridine comjxiuJids. 

(ii) /Spectra due to the ,suhMances in the liquid and solid slak's 
In the spe(;trum of 2-aminopyridin(' in the licjuid state at a broad ab- 

sorption band without any discrete structure is observed iji the region from 32368 



30300 31300 32300 33300 34300 3.5300 om-i 


Kig. 3. Microphot oinotric rocords of tUo ultraviolet absorption spectra of 2-aniinoi>yridirio. 
(a) Liquid at 70°C, (b) Solid at 33'^C. ( q ) Solid at — 1 80'^’C. 
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to 35421 (*rn This absr()])ti()ii ap])o.‘irs to he (Ijk^ to Uu' n—^n* transition. 
If \V6 assuriie that the (), t) liaiul of this transition lies neai* about the hninp at 
32368 cnr ^ on the l<>n>^ \vav(‘len^lh efhjjt' (4‘the system, tin' 0, band s<'ems to be 
displaced toAvards red by alxmt 2440 cm ^ on li(|iH‘fa< tion of the vapour. 

This shift of the band systcun and the absiMu e of discrete struct me of the 
system may be due to formal ion of associattnl groups among ueighbouring mole- 
cules. On comparing these results with tliose for llu* solution in alcohol it is found 
that the nature of associatioji in tlu' t\\o cas('s ie ditTer<'ut, becaust* tlu^ shift of the 
baud system is much larger in the case of the pure licpiid than in the solution 
in alcohol. 


TABLK ill 

Ultraviolet absorption ]>ands of 2-ami no])yridiJU‘ in tlu^ li(juid and solid states 


I 



I^Kpiid }if 70 Solid }it JIC (' Solid al ISO (’ 



WllM' 


WhV'C 



number ^VssigrniKMii 

iiiiinlhM 

A'8signni(‘.il 

nnmbiM’ 

AHHignilKHlt 

(cm”') Hud 

(cm i ) and 


(cm”' ) and 



slrtMigtli 

stnMigtli 


kI rtnigtli 



Hroiul ub- 

HOliSJ (m) 

U,U 

:J04}»7 (s) 


0,0 

HOl'JltiOfl 

:B(>t I (in) 

0 1)27 

.‘tOlMIS (in) 

0 

, 471 

oxicndiiig 

(s) 

0 1245 

.*114 .40 (m) 

0 

1 0.4.4 

from 3:.\‘UJ<S 

:n»i:u (in) 

0 14.50 

.4I7U) (m) 

0 

1 1249 

cm ^ to 

:i2;7:{r> (m) 

0 2 1)27 

:U1)()4 (m) 

0 

1407 

cin-i 



.414.57 (rn) 

0 

i 2x94: 




.420SO (rnn) 

0 

: 944 i 


1 L»41> 

Not c)bM(*r\ <*d Poaid hand in tlio board band in the 

:{:i;}ou ( III | ic^ion 3330U cm-i 

— .‘MUUU cm I — ItbOOO ciii-J 


When the liciuid is S(tli<lifie.<l at room temix'iftture rliscn'le hand sliueture 
is observed, but the spectrum seems to lx- soinewliat diflereiit, from that due to 
the vapour phase. Not only the l)and system <lue to the solid is shifted towards 
red but also the individual bands are. nuieb l.roa.b-r so tliat tlioy are not resolved 
clearly. This may he due to small s])littiuo eause.l by th.‘ influems* of the neij^h- 
bouring polar miilecules in the erystal on the tiansition moment. Taking the 
0, 0 baud to be at :«)(>84 ein-' the excited stale frecpieneies !t27 ein-i, 1245 cm-* 
and 1450 cnr> may be attributed to 1h(> other bands. It also a])pears that the 
spectrum consists of two parts, the second part starting from about 33200 mn-» 
and extending upto about 35000 cm-'. As the 0, 0 band of tlie »-♦ n* system of 
the vapour is at 33449 cm i probably this second i>ortiou of the spectrum due to 
the substance in the solid state is produced by the w-» n* transition. The bands 
due to rr* transition are too broad to be resolved from eacih other probably 
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herauHe of the same reason as indicated above. Thus it appears that in this ease 
the // n* transition persists in the solid state. In the sj)eetriim due to the licpiid 
also, (his second ])art seems to be superposed (»n the first yjart but the shift of the 
first part bein^ smaller than that in the ease of the solid the two parts are not 
s(']>arat(‘d from (‘aeh other. 

VVhefi tin* solid is cooled to — ISO' t^ the bands are found to remain broad 
and th(‘ absor])tion })eeomes stroTiger. Tlu* strong band at 30497 em"^ has })ecn 
taken as the 0,0 bajid and the upper state fuudaineutals 471, 933, 1249 and 1407 
ern ^ have been ol)served, as shown in Table III. The soc^ond part due t-o n* 
transition seems to ])ersisl at -- l<S0 (" in the same position as at the room 
temperat ure. 

As (h(^ w— ► TT* transition seems to ])ersist in this solid state also, it seems that 
the jiitro^en atom of the rin^ does not t^ke part in weak f)ond-formati(m. It is 
(piite j)ro])al)le that the NIL group is res})onsibl(^ for hydrogcm bond-formation 
with the ueighbtniring mole(*nles and in that ease the effect is expected to be 
similar to that of the substitution of a hydrogen atom of the ring and eoiisetpiently 
a shift of the band systcmi towards red is expected. In the ease of the solid at 
tfie room te!n])erature tin* shift is about 3740 em~^ from its positioji in tlie ease of 
the va])()ur, while with further cooling to — lcS() '(\ the 0, 0 band ex])orieju‘.es a fur- 
ther shift of 187 cm * towards red. The large shift of the 0,0 band on solidi- 
fication of the li(piid and very small shift- with fuTdlnn* (‘ooling and also the small 
splitting to which the inoadenhig of the bands were attribnt(‘<i may be due lothe 
infhienee of intermoleeular field in the crystal oji th(‘ eleetronie (‘inn-gy levels of 
the molecule. 


3-Aminopyridi rie 

Mierophotometrie records of the absorx)tion sj)eetra of 3-aniiuopyridine in 
difh'nmt st-ali s ajid in solutions iji different solvents are reproduced iji Figs. 5-7 
.aud the vsyieetruin of the substance iji the vay)onr phase is re])rodueod in Plate IX, 
Fig. 4(b). Wave numbers of the bands in cm“', their approximate^ strengths 
and tlnu'r probable assignments are given in Table IV- VI. 

(a) Spectrirm due to the vapour pha»e 

The absorption speetrum of 3-amijiopyridino in the vapour phase shows two 
distinct systems of bands as shown in Fig. 5. In the case of the vapour at the 
saturation pressure at fit PC and with a path length of 50 emi a system consisting 
of sharp, narrow bands appears on the long wavelength side of another system 
consisting of broad bands. As in the case of 2-aminopyridine, the former system 
has been attributed to the transition and the latter to the 

transition. 
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2L\*ioo cm i 

Fjg. r>. M icrnpliot oiiK'tnc r<'cr)r(lH ol'llu' ullmxiolct /ihsorpf ion hpccciia ol 
H-Mmiiiopyntimc in t Ik*^ \ apoiir jiliasc. 

(a) >77* transition. (h) 7r~>7r* transition. 

TABLE IV 

UJtraviolot iihaorption liaiKla of .‘LainiiiopyridijU' iti tlio vapoin* j)haso 


Tniusitioii 1 '!’( i‘aiiHit ion II 


’'a VO numbor (cm ’) 



\Va\(' number (cm“^ 



and strength 


Assifcjnmont. 

aiul stron^lli 


A^^sii^ninojit 

:L>4ti2 (w) 

0 

547 

330911 (m) 

0 

104 

32547 (m') 

(1 

— 40H 

33854 (k) 


0.0 

32091 (w) 

0 

— 324 

34004 (rns) 

0 

150 

»2777 (m) 

0 

-- 238 

34208 (rn) 

(I 

1 354 

32K9I (w) 

0 

— 124 

34330 (s) 

0 

[ 482 

32901 (w) 

0 

1 1 8 1 — 238 

:U494 tw) 

0 

1 040 

33015 (vs) 


0,0 

34712 (rn) 

9 

' 858 

33119 (m) 

0 

]- 104 

34802 (s) 

0 

-1 948 

33190 (m) 

0 

! 181 

35009 (in) 

0 

0 

f MOO 

-! 2 150 858 

33301 (m) 

0 

-1- 270 

35128 (ni) 

i) 

0 
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0 
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35353 (in) 

0 
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0 
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0 
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3557‘) (w) 

0 

i 2 858 




35754 (w) 

0 

^ 2 / 948 




35918 (w) 

0 
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(i) tranfiition (Transition 1) 

Th<^ baudn due to n->n* traiiHitioii in .‘i-aminox^yridme lie in the region 
323(K) crn ^ to 33800 cm ^ The sharx> and strong band at- 33015 cm“i has been 
taken as the 0, 0 band of the system the other })ands have been analysed in terms 
of ux)])er state fundamentals 104, I HI, 270, 341 and 515 em'^ and their eonibi- 
nations. The corresx^f Hiding ground state vibrational wave numbers as obtained 
from v—>i) transitions are probably 124, 238, 324, 408 and 547 ern ^ 

It may bi^ noted for comparison that the excited state variational wave 
nmnbeis 131 em-^ 158 cm ^ 204 cm-^ 490 cm 545 enr^ and 580 ern~^ were 
reported by Kush ami Sponer (1952) in the ease of n—>iT* transition in S-methyl 
])yridine and in the lase of 3-bromoxjyridine the (;orresx)onding wave numbers 
were found to be 230ein ‘, 279 cm *, 349 cm' ^ and 579 cm“^ (Misra, 1900). 

The band at 32901 enr* on the longer Avavelength side of the 0, 0 band has 
been assigned as a transition. The assignments of the liands on the high 

energy side of the system is s<jmeu hat uncertain due to ovtu’lapping ol the bands 
due to transition with thfise due to transition. 

(ii) 7r->7r* transitions (Transition II) 

The baud system due to 7 T—>n* transition in 3-aminopyr*idine in the vajiour 
jihase lies in the region from 33600 cm“^ to 30500 em“^ As in the ease of 2-amino- 
pyridine there is some uncertainty in locating exactly the 0, (} band of this system 
duo to the overlapx)ing of the two t-raiisitions in this region, as stated in the xirevious 
section. However, the strong band on the hmg Avavelength side of this system 
at 33854 cm whereform the broad absorption systiun se(uns t.o start at higlier 
pressure of the absorbing vajiour is taken tentatively as the 0, 0 band. Most of 
the remaining bands rexiresent transitions involving excited state vibrational 
frequencies 150, 354, 482, 640, 858, 948, 1160, 1274 and 1499 em-i as shown in 
Table JV. Moreover, a ground state fre(|uency 164 ciu"^ is observed as v-^ 0 
transition. In order to find out- the ground state vibrational frequencies, the in- 
frared absorption sxiectrum of 3-aminox\yridine in chloroform solution was studied 
with a Perkin Elmer Model 21 sjiectrophotometer with Na(-1 opti(;s. The wave 
numbers of some of the observed infrared bands are 690 (m), 790 (m), 885 (m), 
1013(B), 1042(s), 1090 (w),1220(w), 1255 (m), 1285 (s), 1438 (vs), 1485 (s), 1580 (vs) 
cm"\ the strength of absorption being given in the X)arethesep. 'Fhe infrared 
frequencies 690 cm~^ and 885 cm”'^ may corrcsx)ond to the excited state frequencies 
640 em'i and 858 em"^ observed in the ultraviolet absoridion spectrum. There 
are two medium strong infrared absorption bands of gr<mnd state frequencies 
1013 cm-i and 1042 but only one excited state frequency 948 eni'-i obser- 
ved in the ultraviolet absorption spectrum. The bands at a distance of 1160 cm-\ 
1274 cm-^ and 1499 cm-i from the 0, 0 band shown as combinations, may also be 
fundamentals as there are strong bands with vibrational frequencies 1220 cm”^, 
1285 cm‘^ and 1580 cm-^ in the infrared spectrum. 
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(b) Influence of inter molecular field on the spectra 
(i) Spectra due to the solution.'^ 

Ill the spectrum oi Ibaniinopyridine in w-hexaue solution broad absorption 
bands corresponding to tJiose due 1o the transition in the vajioiir phase 



I I ^ t < - » 

;tj:iuo .*{2300 .3330 34‘{oo 3r»3oo ciu-i 


Fig. (). 'Miero|ilioti)iiu.'tri<* n ronl uf'lhi* ultraviolet a})Hor])lK)u ajMU'tra of solut loiis 

of 3-aiuiuoj)yri<liui*. 

(iij .01% HolutKui 111 a-hoxuno. (b, .bF’o solution in etliyl aloohol. 


TABLK V 



Ultraviolet alisorjdion liands ol’ 3-ainino})yridine in solution 
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>» 

CO 
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y 

to 35857 cm ^ 





CJ 



33770 (m) 

0 -1- 
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arp observed. Assuming tJie broad baud at 33301 cin“^ as the 0, 0 band of the 
system, Ihe other t)auds eau be explained in terms of exeited statue frequencies 
100,478, 853, 047, 1173, 1483 eni~^ and their combinations as shown in Table 
V. These upper state fundamentals agree fairly well with those observed in the 
spectrum due t<j the vaj)our. 

In addition to the at)ove broad bands a few shai^j) weak bands are also ob- 
served iJi the spectrum of 3-aminopyridine in w-hcxane solution at 33015, 32776 
and 32468 cm“'. There are, also two weak bands at 33357 em“^ and 33520 eni"^. 
The ])ositious of these bands are found to be indentical with those of bands of 
systtuu due to the vapour phase and thercfoi’e the system persists 

in th(" solution iji w-hexane. So, the h—>7t* transition is not affected appreciably 
by the solvent molecules. 

In alcohol solution, however, no banded striKd-uro is observed and only a very 
broad absoq)tion l»and extending from 31437 cm“^ to 35857 cm“^ is observed. As 
in the case of 2-amino isomer, this absorption seems to corrcspoJid to the n—^n* 
transition. The absorption imtreases rapidly and ])ec()mes large at 32321 cnr h So, 
the system seems to be shifted by about 1566 eni "^ towards red from its position 
in the spectrum due to the vapour. Tlui X)osition of the systein due to the 
transition is almost at the maximum of the broad band. So it is not possible to 
conic to any cojiclusioii T’ogarding the ap])carajice or otlu‘!\vis(‘ of this system in 
case of the solution in al(*ohol. 



313U0 32300 33300 34300 35300 36300 

Fig. 7. Micro] )liotornetj ic*, recods of the ultraviolet absorption spectra of 

3-aminopyridine 

(a) Liquid at 70°C. (b) 8olid at 32°C. (c) Solid at - 180®C. 
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(ii) Spectra in the liquid and solid- states 

In the liquid staler d-aiuinopyridiue shows only a very broad absorption band 
without any discrete structure in the region 31650 cm ^ to 35450 ein-^ as shown in 
Fig. 7. The appearance is similar to lhat due to the solution in alcohol. In 
this case also nothing can be said about the presence or absem*e c>f the system 
due to the ►tt* transition. 


TABLE VI 

Ultraviolet absorption bands of 3-aminopyridine in the liquid and solid 

states 

Liouid at 7()"'(^ Solid at Solid a < -180^0 

Broad absorption band Broad ab.sor]>tion band Ib oad abHori>tion ba.Tul 
oxtondiUR from 3H)50 ox<o7i.din^ from .‘tOTlJO oxtondinp: from .?07(i0 
cm-* to .354.^0 cm 1 cm i to 30780 cm i <‘m i to 3(i780 cm-' 

When the substance is solidified at the room temperature no dis(*rete strinduro 
of the band system is observed but the region of absorption ]>e(^omes extended 
oji both sides. When the substance is further cooled to — ^ISO^'O, no further appre- 
ciable change in the spectrum tabes ])lace. It is interesting, howevt^r, that in this 
case the width of th<^ region of absorption is about 6000 cm b This is double 
the breadth of the n—^n* syslem due to the vapour phase. This increase in the 
width of the region may bo due to the large unresolved splitting of the system 
caused by the iutermolecular field in the crystal lattice. 
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ON THE EVALUATION OF THE COEFFICIENTS OF THERMAL 
EXPANSION OF CRYSTALS FROM X RAY DATA 

\'. T. DKSHPANDK and V. M. MUDHOLKER 

DmPMITMKNT of PiIYSK’S, VnIVERSITY' (’OTJ,Fr}K OF S( IFN('F, 

(KsmANIA ITnJVFKSITV, IfYDEKAHAI)-?. 

{Reeeired hceeniher (K IDtJd) 

Th(* ])iir])ose of this jiot-.' is to call alleiitioji to sonic small but vital dilToreuci's 
ofiiaincd i)i the methods iischI in iirocessiji^^ X-ray data for the evaluation of llie 
(‘oetHcients of tlionnal expansion, in view of the in(‘i*eas(‘d importaii(‘e of tliis 
])ro})ertv of (Tystalline solids in relation to their strmd-ural imperfections, it lias 
iH^come necessary to know, not merely the average values of the coefliinent ot 
ex])ausion hut also ihe tejuperature de])eiidenee of the instantaneous values, it- 
is essential, therc'fore, that the methods used in jiroeessing the X-ray data h(^ 
chosiMi in a way so as to bring out the correct form of this temperature variation. 
It is, of eours(*, assumed that tlie data on cell dimensions are obtained with the 
hi^^hest ]M)Ssil)li* accuiacy, taking care to correct all errors, s^^stematic or random. 

An im])ortant step iji this processing is the determination of the derivativi* 
(daldt) at different temperatures. This, with the liel}) of the definition, 
a — (\|a^^){dn!dt). gives the values of the zero eoeffieient of expansion at those 
temperatures. .Diffenuit methods are in use for the (valuation of this derivativ’^(\ 
One of these, used by Wilson (11)41), is to obtain tlie mean value of the derivative 
over small intervals of temperature by subtracting the experimental values of 
V/' and dividing these liy the corresponding temperature differences. A varia- 
tion of this pro(‘edure, employed by some workers (Owen and Richards, 1936 
and Deslijiande and Mudholker, 1960) consists in obtaining the mean values of 
the flerivative from a carefully drawji graph between ‘a’ and The values of 
a are then evaluated for every temperature at which the derivative is found, 
licast scpiares treatment of the a-/ data, thus obtained, then gives the temperature 
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flependeiioo of a’. This depeudence may or may not 
comes out readily from the a-/, plot. If the relation is 
expressed in the form given in Eq. (]). 


1)0 liiioa?-, u fac t whioli 
n()Ji-liiu*ar i1 is usually 


« ^o-f ... (1) 

In another method (Stokes and Wilson, 1!»4I ; Kemptor and Elliot, Jltr)!» ; 
Pathak and Pandya, and Pathak aiul Paiulya, HttiOa) the latti< e constant 

is first expressed as quadratic function of temjn-raturc, hy the usual method of 
least squares, giving an expression, as in Eq. (2). 






Differentiation of Eq. (2) with ]‘es])ect to temjKTaluio, then, ^ivos tin* (*0(^1111 oiont 
of expansion as a linear funotion of tern] lorat lire as shown in E((. (II) 


... (^) 

Tliis proooduro appears to he more rigorous than tlie first one. but has a serious 
limitation in as inueJi as the temperature dependejice of V/' comes out necessarily 
to he linear. This may or may not he its r<‘al foru). Wilson (1941) has found that 
this nndhod does not give the liest possible r<*])rcs(‘ntati()n of the d(^riva1ive 
{(Jajdt), and 8tokes and Wilson (1941) have ])oin1ed out that in ])rinciph\ the 
(juadratic. function is not satisfactory. 

There is thus a fundamental diffei’cnce between tin* two m(*tliods outlin(*d 
above. Wliiie the first method brings out the non-!in(*ai- charac1/(U‘ of the. oc -t 
relation, the second one supresses it. This limifalion in the second nndhod can 
1)0 removed if a cubii^ function in 'V is used instead of Eq. (2). Oweji and Williams 
(1954) have given such an expression for tin? lattici* constant of silver. Similar 
procedure has also been used by Dheer and Surange (195S) in their macrosco])ic 
study on lead. However, this jirocedure is rarely follow'ed, ])erha])s because* 
of the larger amount of computational work involved in it. 

As a sample case, we hav(* processed the X-ray data on sodium chlorate 
(Deshpande and Mudholker 1960) by all these method. The results are shown in 
Fig. 1. Curves I and II represent the results of t he first two methods resjiecdively 
and curve JIJ is obtained by the use of the cubic expression. It is clear from the 
that there is a close agre?ement between the curves I and HI. Curve 11 
not only suppresses the non-linear variation of ‘a with f but, in this particular 
ease, there are significant differences in the A^alues of oc at some temperatures. 
For other substances the values of ‘a* given by the three methods may agree with 
each other, within certain limits, but the possible non-linear nature of a t curve 
can not be brought by the second method. The amount of calculations involved 
in the third method makes it rather lengthy and hence, tlie first method seems 
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to offer a practicable procedure for obtaining dependable results on the tempera- 
ture variation of the coefficient of thermal expansion. 



TEMPERATURE C — 

Fi^. 1. ‘a’ VH plotH for sodium cUlorato as olitainod by tho tlirfu' 

lUtdhods of procoHsin^ flatu. 

One of the authors, (V.IVI.M.) is grateful to the Council of Scicjitific. and 
Industrial Research for the award of a Junior Research Fellowshij). 
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LIGHT ABSORPTION IN PARAMAGNETIC IONS IN 
STATE OF SOLUTION. PART III. Cr'^' ION 


A. MOOKHEllJT and N. S. OHHONKAll 

Physic s IjAbouatokies, Acika 

(TiVrr/m/ March 27, 19()I) 


ABSTRACT. J.<ighi al>s()r})1ic)ji in ioO saHs is siiiilaal liy a ‘llTlgi r’s 

“IJVMSP3!]K" Hj)(uitnjj)li<)tuiiic’tcM- in the' miigr :i!M)0 A H* IO,0(M) A aiul t)u* itshUk an^ discuHHC'cl 
in llio light ol crysl allinn nlncdric* fic'ld ^la^()ly. 


It is obaorvecl that thcMjvcn'all nulac splitting IS muc'H largcn* in salts compared 

to (hl^^ NUMincl (V)' * ion salts. Tla^ co-valency factor p as d<‘dnccd from tin* lowcn - 
mg of the term sejiaration arises from n-ainl '^'-orhital overlaji in 0r'+^ mn salts. 


The avc'iagt* magrndic moiiK'iit and g-\ allies (‘valuati'd vvilh the hclji ot the optical ihda 
agrc'C vc^ry vvvll with those* o])s<*rv(‘d (‘\tan‘iin('ntall\ . 


The etf(»ct of the* long range fields on the water chisti'i* 
oi fh sin<*(' this IS deiiench'iit on stahih/ing c'lic'rgy. which 
ohsM-ved that this effec*t was most jironounced in 0o‘ • 

nouiiced m 0r^+'' ion if^ th 'o). 


was found to depc*nd on the xahie 
IS mc'asnrc'd hy /-'\aha's. It was 
ion (/“ tl tl’») and the least jiro- 


1 NTh (> DIM^T I ON 

In the Bocond part of this ]»apor (Mookhrrji and (:Jihoukar. 1 % 0 ), whu h wo 
sha'l rofor as Tart 11 hcroaftor. a Bystcinatic optical iuvoBlifjatioii ol tlie <'onst'- 
c,ucncos <.rtho crystalliu*^ electric Held oi. the opti<-al and niagiudi.' behaviour of 
Ni++ ion in about twenty salts in atjiieoiis s(»liition has been reisuted. A luunber 
of ijiteiestiiif; results that have lu'cu obtained are: 

a) The energy of separation <»f the mean centre' of the al)Sor])tion bands 
is almost wholly determined l.y the eubie i)arl, of the crystal field and that the 
aniKotropio part has little influeuec on this. 

b) mere i. -oak o,.v.la„t, iu NC ' i,.. ari.«« ta. the parW 

overlap with w and .erhitaia ef -he 

separation from the free ion value, tt- or ) 1 

salts of Ni^+ ion. 

„) The meaaured fluer apliUieg of the l,a,»l. dec the J 

the field gave exceltat agreement with the n.agnct.e anw.trepy value, ohtamui 

from the susceptibility measurements. 
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d) The contribution of the distant atoms to the anisotropy of the water 
cluster about the Ni^ ^ ion was found to be pronounced in certain salts; while in 
others they were not so pronounced. 

The ground state of the free ion is an J’-state (3d® ^F) likeNi+^ ion 

(3d®®F) but with a spin moment 3/2 instead of 1 as in Ni+‘^ ion. Just like oeta- 
hedrally coordinated Ni+‘ ions Fg orbital singlet level lies lowest in the Stark 
pattern for Cr+ ‘ ^ ion with similar coordination. But two facts, that the spin- 
orbit coupling in ‘ ^ ion is -f87 cm~^ (Laporte, 1928) as against —328 cm"^ 
in Ni++ ion and that Cr^ * ^ ion with 3 electrons as against 8 in Ni^ ion has 
Kramers spin degeneracy, make the situation for + * ion somewhat different, 
Moreovei-, due to larger charge on Cr+^ + ion t he electrons of oxygons of the water 
cluster about Cr H+ ion will have a greater tendency to move into the central ion 
orbitals in order to stabilize its potential energy and hence both cr- and 7r-orbital 
overlap may be present in Cr+++ ions (Owen, 1955). This stabilization may tend 
to reduce the secondary distortions of the octahedral cluster and hence the split- 
ting by the tetragonal part of the field will be very small. The small positive 
value of A together with the small tetragonal splitting will make the magnetic 
anisotropy for Cr ♦ ^ < ion much smaller comx3ared to the anisotrox^y of the Ni“^ 
ion and the magnetic moment will tend to have almost the spin-only value. 
Moreover, spiir-orbit contribution from the upx)er cubic levels will be smaller 
(jompared to Ni++ ions and hence the effect of the distant atoms may be exx^cctod 
to be less xjronounccd in Cr^ < * ion salts. It is, however, to be remembered that 
owing to the lowest state in Stark pattern being an orbital singlet, Jahn-Teller 
distortion should be almost absent and practically the entire anisotropy should 
arise from the induced distortion of the octahedron by the effect of the long 
range atoms. 

It w^ould, therefore, be interesting to study the optical absorx^tion spectra of 
a number of chromic salts and view them in the light of the findings of magne- 
tic susceptibility and other measurements. 

E X P K H T M B N T A n 

The measurements were carried out by Hilger’s “UVISPEK” spectrophoto- 
meter and the same procedure as in Part I of this paper (Mookherji and Ghhonkar, 
1959) was adopted. The chemicals used wore of ‘Merck’s gravimetric reagent 
quality Triple distilled w^ator was used for making solutions. 

The measurements were centred round 27°C, but no observable change in 
the position of the absorption bands was noted for small room temperature vari- 
ations. 


K E S tJ L T S 

The results of measurements are collected in Table I. The locations of the 
absorption bands for various salts of solution are given both in wavelengths and 
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in wave numbers. In order to get prominent absorption peaks for the salts 
studied we had to use dilute solutions. Progressive dilution from that (con- 
centration at which prominent absorption peaks are obtained does not changes 
the positions of the absorption peaks. 


TABLE T 


Salts 

Concen- 
trat ions% 


Maximum absorption 


Wave longth in A 

Wave numbers (ciu-») 


1 

II 

I 

11 

Cr2(S04)3 

0.5 

5880 

4225 

17.010 

23,670 

Cro(S04)3.K280, 

1.0 

5790 

4095 

17,270 

24,420 

OrCl:, 

1.0 

5810 

4115 

17,210 

24,300 

Or(N03)., 

1.0 

5775 

4085 

17,310 

24,480 

Cr(C,H.,02)a 

0.3 

5670 

4110 

17,640 

24, .330 

The variation of absorjjtion in 

different salt solutions are shown graphically 


in Figs. 1 to 2. 


T) l K 0 V K S T O N 

a) The absorption spectra 

In all the five chromic salts studied by us the absorption sx^ectra (consist of 
two maxima, one at about 17,300 cm~* and the other at about 24,300 cm^^ 
We shall designate them as T and IT respectively. "Jhe maximum which lies in 
the ultra violet region near 38,000 cm~^ (Owen, 1955) will be known as III. 

The spin-orbit coupling constant A -- +87 cm"^ is only one fourth of that of 
nickel salts and hence the splitting due to the tetragonal field will bo very small 
compared to the Ni^ ‘ ion. This is also v hat is observed experimentally (Krishnan, 
Mookherji and Bose, 1939) and hence optically we should expect only three main 
transitions, two being in the visible region and the other one in the ultra violet 
region. 

The maxima I and II may be identified as arising due to the transitions between 
the Stark levels and (r 2 -r 4 ) respectively. In our later discussions 

these transitions will be represented as iiEf, and respectively (Fig. 3). 

b) Crystal field and energy levels 

The ground state of free Cr+++ ion is 3d» ^F and the term of the same multi- 
plicity (^) lies 13,770 cm“i above it (Moore, 1952). The type of the complex 
ions that we shall be dealing in this paper has the 0r^*++ ion at the centre of a 
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compressed octahedron of water molecides i.e. four dipoles //, at ( u, 0, 0) and 
(0, dipolos //' at (0, d, f />). Then the electric field potential at 

(.r, y, z) near the Cr'^ * ion at (0, 0, 0) is of tlie form as given by Eq. (1) of 
Part IJ. 



Fig. 1. Absorption curves (aqueous solution) of 
(1) O. 50/0 CtMS04)., 

(TI) 1.0<% €r2(S04)3.KaS04 
(iri) l.OO/o OrC!!, 

The crystal field conforming to a potential as given by Eq.(l) of Part II splits 
the ground state into a number of levels whose approximate energies, accord- 
ing to Owen (1956) are shown in Fig, 3 and also given by Eq. (2) of Part II. 

The measured magnetic anisotropy for ion in crystals is very srtiall 

(Krishnan et aL, 1939), and tetragonal separation in state of solution will be 
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5Cr 



Kig. 2. Ahsorption cjiirvos (nciuooiis solution) of 
(1) 1.(1% tMNOa)., 

(II) (t 3",', <3-((!.,H,.,()2):, 


correspondingly less and hence neglecting and 'l\ tcriiis in E({. (2) of Part 11 
we have 

K- X -- A/;,. 

and 

“ K = AE. 

We have observed both AE^ and AEf, experimentally (Table I) and hence 
K and X can be approximately evaluated. These are given in Table II. 



SiiKh 


K 

X 

E' 

r2 



cin-i 

cm-i 

cm 1 


<!r.,(S (),)3 


3r>,720 

6050 

0870 

0.717 

f!r...(S 04 )..,.K.'S()^ 


3(5,267 

6600 

10050 

0.705 

('.•(ll. 


36,ue 

(56SO 

J0050 

0.773 



36,350 

6680 

10030 

0.730 



37,045 

7120 

0810 

0.712 


A"-values ijidicate timi. in .stale of solution all the six uienibors of the 
eluster a[)out the, (V++< ion may he the same in all the salts exeept the last iji 
Table IT studied by us. 

It would be interesting to eom])are the magnitudes of iT-values of Cu+* 
and Ni* ^ ions with those of ' ion. We find that in ordinary ionic salts of 
Ou* ' ion (I’art I, 11)511) and of Ni^+ ion (Part IT) the magnitudes of K are about 
2 bOOO em“* and 17,700 cm respectively, while in ordinary chromic salts its 
value is apjwoximately .‘10,300 cm "b Hence the overall separations (10/21 TT) 
in On' > ion and (0/7/v) in Ni^ ‘ ion and Cr^ ion are I2,400enri, 15,200 cm-^ 
and 24,400 cm ^ respectively and hence it is highest in Cr^ ' ‘ ion salts, 
e) Evaluaiion of the fem separation (E') 

For Cr^++ ion where ‘*F-terni lies lowest, the term separation E' in crystals 
which is aji important spectroscopic constant, can be evaluated from the expres- 
sion (1) as given below (Owen, 195.5): 



where symbols have their usual meanings. 
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Now utilising our calculated AT- ami X-values (Ta})lo II) ut‘ have evaluated 
A/'.values from Eq. (1). These are given in Table II. Ft is seen that there is a 
lowering of the term separation for (V^ < • icms in crystals from the free ion value 
E - 13,770 cm Following Owen (1055) this l()W(‘ring may he attributed to the 
eovalency factor/-, where arising from partial overlap of tin* 3(1- 
orbitals with a*- and Tr-orbitals of the surrounding atoms. Accordingl\ , 


From Eq.(2) one can (jaleniate /- which are given in Table II. 

Primarily this covaleiiey factor should not be ditfenMit tor all the salts in 
which Cr^+^ ion is similarly coordinated with six \vat(‘r moleenl(‘s, but then' 
might bo an appreciable change in the overlap betvvecJL ('r* * ’ ioji and oxygen 
and hence in the eovalency factor from salt to salt arising from the (‘ffeet of 
distant atoms. In state of solution distant atom etieel will lx* ]U'gligibl<‘ and 
li(‘U(a> eovalency factor should not vary a])])reeiably iVom salt to salt with similar 
eoordiiiation. Bose and Milra (11)52) in tlu'ir masti'ily survey of tin* (•om])arat ive 
influenee of short and long range fields on the magJU'tit* beha\i<Mir ol salts of 
iron group of elements came to the eonelusion that long raugi* iii'ld ('fb'ct in ( -r' ' ' 
ion salts wdll be less pronuuneed than N^i ‘ ' ion salts. 

ft is seen that these values are considerably smaller than thosi' of Pn ' ' 
(0.85) and Ni+^ (d.O) ions. This demands a strojigei’ boiidijig in Pr' ' * ion, which 
is to be attributed to the larger charge on it. As a resnlt of this larger charge the 
electrons on the oxygi*n have got a tendency to movt* into tlu' c(‘)i1ral chromic 
io]i iu order to (wen out the charge distribution. Ibider sui h stat<* of aliairs we 
are no longer justified to taki* 7 r-bonding as weak and lu'jiei' /- in them will consist 
of both /,- and Moreover, if cr-bojiding is strong Iberi' may be some amoujit 

of TT’-bouding which will di^erease ilie hyperline stTuctnri* hi hydratt'd < ()m])l<‘X(\s 
of Cr' *’ ions as actually observtxl by Bowers (1952) and Bakei* and IMeainy 
(1952). 

From the above discussion it seems that in | fV(H.^()),.! ' > ♦ complexes will 
tend to a value ^ 0.9 and to a valuer 0.S5, making ./- - - 0.70 as 

actually observed (Table II). 

d) Calculation of magnetic nunnent valuers : 

The expression for the mean magnetic inonicnit for C-r^”' ' ion will lie almost 
similar to that for Ni++ ion excepting that the spin-only value will be 15 instead 
of 8, and will be given by the Eip (9) of Part IT and hmvc the mean magnetic 
moment is given by 



15Ll+(SA--3*y).a'l 
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■where 


a' =p.cc=^ 


P 


- 2.1 


P 

K 


It is interestiT)j{ to note that the last two terms in the expression (3) which 
re})resent the (hwiiuion of tlio effective magnetic moment from its spin-only 
value are of opposite sign. The comparative strengths of the two terms at 30()''K 
will l)c 

SA -- 096 cni"^ 

and ^kT 030 cm i 


The difference in them is only | 00 cm“i whicli when multiplied by a' having 
a negative value will bring down the sjjin-only value by about 0.004. Hence 
the relative contribution from these two terms is very very small as is shown 
below : 


//2 .. 15(1 - 0.04+0.037) 

It is therefore clear that in chromium salts there will be very small dtwiatioji 
0.4%) from the spin-only value. 

Now utilising our calculated values of A^/2 and the Eq. (3) we have eva- 
luated //-values for ion in state of solution for different salts. These are 

given in Table FIT. For comparison we have iu(*luded solutif)n values in th(‘ 
Table. It is seen that the two values (optical and magnetic) agrees well within 
the experimental errors. 

These values of the mean magnetic moment for Or^ ion salts have almost 
the spin-only value (3.87) as has already been shown above. 

TABLE III 




-Values 


g- Values 


Salts 


Optical 

(soln.) 

Magnetic 

(soln.) 

()j)tjcal 

Grysfal 

Or,(SO,).., 


3 . 897 

3.850*2 

1.970 

1.980* 

0ra(SO4)3.K.S()< 


3.86t> 

3.778*3 

1 . 908 

1 . 980* 

OrCl:, 


3.867 

3 . 850*2 

1.989 

1.990** 

CrlNOa).., 


3.867 

3.745** 

1.968 

2.2(J0*** 

Cr(0,H„O.)., 


3.868 

3.756*J 

J .972 



♦Ting and WillianvR, 1051. 

♦♦Kozyrev, Salikhov and Shanionin, 1952. 
♦♦♦Lancaster o.nd Gordy, 1951. 

♦I Mookhorji, T. (Unpublished) 

♦2 Cabrora, Harquina, 1922. \ 

♦3 Welo, 1929. \ 

♦4 Fahlenbrach. 1932. ^ 


For complete reforenco consult Solwood’s, Mag- 
netoohemistry. 
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e) Calculation of g-valuen : 

The Hpoctroseopic splitting factor g for 0r+-*-' ion according to Owen (1055) 
is given by 


,7 2 - 


12A.,. 


25.2A 


P 


(^) 


Substituting the values of K and/- from Table II, </- values eould ealculated 
vhich are given in Table 111. In the abseiiee of any (‘X}K*rimeiital (/-values in 
state of solution for Cr^^ * ion we have included cryslal (/-values in tlie table for 
(‘oniparison. It is seeji that fy-values in state of solution and iji crystal do not 
vary appreciably. 

From our o})tical measurements we observe thal /*^-valm‘s in (hi*', 

Ni' * and (lo++ ions are ~0.75, ~0.8r), 0.1) and ~0.9r) respectively (Mookherji 

and Chhonkar, 1050, lOOO). /“-Values give the covalent ehara(;ter of the ions; 
so the covalent character will go on decreasing as we go from Cr^ * ' to (h)' ' ions. 
Further, more covalent the ion is, the more stable will be the water cluster sur- 
rounding it. As a result, the stabilizing energy in ease of ion will be 

larger eomjiared to others and that this will tend to minimise tin* s(*condary distor- 


tions of the octahedral cluster. W(‘ have already seen that these secondary 
distortions Avill be produced by the ellect of the distant atoms alone and that loo 
will be minimised by the high stability of the water cluster. 11iat this effeid is 
very small is also supported by magmdic anisotropy imnisurements (Krishnan 
(/ (//, 1080). It is therefore, elear from the above discussion that the distant 
atom effect in Cr^++ ion will not be pronounced: whereas this should be most 


pronounced in (Jo*"' ion, less in Ni* ' and almost negligible in ( u* * ions. 
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ANELASTIC MEASUREMENT OF DIFFUSION IN 
a-AgCd ALLOYS 

M. A. QUADER 

DKl’Airi’MENT Ol-' (iKNKIlAL PfiySK’S & X-HAVS, 

Indivn Assoc iation for the (!l' ltivation of Science, (Vaiati tta-82 
(Rrceivcd May 1, 1901) 

ABSTRACT. M<'KsunMiuint.H oF tll(^ intc'mal friction ])(‘uk arc^ intuio for ihron a-A^Cd 
alloys with iJ4 29. 3 and 33.8 atomic j>crccnt (VI and 3(1.8% Zn a-brass. Tho ix aks 
arc duo to chang<‘H in local order with tia^ external stroNS. The activation energy (;orrcH])ond- 
ing to th(^ relaxation ])roc-(*Ms is found to he 39.30, 38.77 and 38.4.') K cal/mole lor the 24 .3, 
29.3 and 33.8 at. (M alloys resj)ectiv(‘ly. For the grain boundary relaxation ('fl'cets the 
activ^ahon energy is 39.7 K cal/rnole lor the* 29.3% (VI alloy. The coiTi'sjionding activation 
eiiergi('s for th(' 30.8% brass are 39.17 ami 39. 8T K (ial/iuole. 

Th<' measured value's of lh<5 relaxation time r ariMisc'd to calculate' Ihtt diffusion co- 
ofH(ii(*nt. of the Ag-(M alloys. The calculated values are in good agrcu'iiU'nt with the' directly 
measured ddfusion coeflicients oI alloys of corresjionding (*om]»ositions. 


i N T R O 1) U V, T 1 () N 

The incasureinents of anelastie effects caused l)y stress induced ordering and 
observed as an ijiternal friction peak in some sidistituiional alloys ])rcse]it a method 
of obtaining diffusion (coefficient at lower temporaturevs and in a time of the order 
of that retjuired by a single atomics jump. The method has been apjilicd exttm- 
sively to study the diffusion in a-AgZn (Nowiek, 1952) and a-CiiZn (Leelaire, 
1951) alloys and to a lesser extent in some other alloys. Both these authors have 
pointed out the advantages \Nhieh may be gained by using this method to study 
small scale atomic* movements in cases where conventional diffusion teehnicpies 
are. inappli(*abJe on account of the long times and high temperature refpiired. 
The principle of the method is briefly as follows : The application of stress to 
a random solid solution Avill, in general change the equilibrium configuration to 
a nim-random one. Atomic redistribution must, therefore, follow the application 
of stress; this redistributiem is accompanied by typical anelastie effects, such 
as, an internal friction peak and an elastic after effect. 

This internal friction effect in substitutional solid solutions, first seen by 
Zener (1943) in 30% a-brass, has been observed later in many other substitutional 
alloys. These studies revealed that the magnitude of the effect goes up roughly 

446 
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as the s<][uaro of the solute coiieeutratioiij and the process is an activated one witli 
an activation energy close to that for diffusion in the alloys. On this evideni-e 
/oner (1947) interpreted the above effect- as being due to a preferential orienta- 
tion, under applied stress, of the axis of pairs of adjacent sedute atoms into a 
particular crystallographic direction such that the axial strain set uj) by (‘ach 
pair iii the lattice as a rsult of the different sizes of the solute and solvent atoms, 
would be partially relieved. Later, Nowick (1952) and Leclaire and Lomer 
(1954) have postulated more elaborate geouujtrh al schemes for tlie process. They 
have, however, retained Zener s idea that the effect ai'ist's fundamentally from a 
inicroscopic rearrangement of atoms \vh<‘n the matcuial is placed under stress, 
i.e. stress- induced short range ordering. The latter vork(‘t*s pri‘sume that the 
relaxation arises from lattice dilatation accompanying changes in the degree of 
order and express the damping of a given alloy in terms of a number of parameters 
including the short range order parameter, rr. Th(^ effect of Ihe degree of order 
on damping has been verified by Lulay and Wert (1950) in MgCd alloys. 

In the present pai)er an account- is given of the investigat ions of tlu^ anelastic 
effects in a-AgCd alloys. This was chose}! sin(»e the diffusion data for if- are avail- 
able through the measurement of tracer diffusion by Manning (1959) and flit^st^ 
could be utilized to compare and intorprctc the results of the anelastic im^asuro- 
ments. Internal fruitions in 30.8% a- brass was also measured in oi*der to (*ompare 
the efficiency of the torsion xiendulum constructed by the auth«)i*. 

T H K () Y \ X 1) V () H TVl I" b A 

Nowick (1952) made the assumption that sijK^e the essential atomic procross 
involved i}i a change in order, which is res])onsibk‘ for the relaxation of strain wIkmi 
a stress is applied to th(^ solid, is the replacement, on a iiumbor of lattice sites, 
of one type of atom by anot lier, then the relaxation i^ate 1 /r should be^ Him])ly ])ro- 
portional to Vr, the nu^an rate at which a replacement on a given site oc^curs. Thus 

llT — aVr ... ( 1 ) 

and — ^a^Tr ... (2) 

where D is the diffusion coefficient of the alloy in the absence (»f concentration 
gradients, Vf’ is the lattice paramet<er and p is a geometrical fa(;tor and is 1/12 
for f.c.e. lattice. The dimentionless proportionality constant a is of the order 
of unity. The relaxation time t obeys the Arrhenius type equation 

... ( 3 ) 

where li is the activation energy, the gas constant and T the absolute tem- 
perature. 
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For standard lijiear solids in tho sonso defined by Zener (lfi4S), strain is 
not simj)ly ])roporti()nal to th«‘ stress but tlie two cpiantities are also connected 
with tlieir first time deiivatives by means of a linear relation w^hich, for a vibrat- 
solid, leads to a»i expression for t he internal friction, Q-^ in terms of the angular 
frc(|uejie v of oscillation (o and a mean relaxation time r. 


Q ^ 


COT 

r+icorf^ 


w 


where ‘the I’claxation strength' is a measure of the magnitude of the effect. 
F(p(4) gives the w ell known internal friction peak with maximum value of cot — I . 
Thus if is the temperature of maximum damping, w e have 


'(r 


{P*n ~ 


J 


CO 


(r>) 


as the basis for t he determination of r at one particular tem])crature 7^* from an 
internal friction peak. 


EX PFKI MENTAL M E A S F K E M E N T OF INTERNAL 

F R I C T 1 () N 

The internal friction measurements were carried out in a torsional pendulinu 
which is patterned after A'e(l947) and is shown diagrammatical ly in Fig. I. The 
wire specimen N is firmly clamped betweeji the upper l -grip V and the low(»r 
pinvise p. The pinvice is w'^elded to a thick nichrome wire (B and S gauge 
No. 13) which is a j)oor conductor of heat but has a much higher rigidity 
than the t est w ire at various higher temperatures. A galvanometer mirror M 
mounted on the nichrome wire retiects t he image of a straight filament on to 
the photograjhic recorder tw'o meters aw^ay. BB is a torsional bar about S" 
inches long carrying at each end a small iron WTight. The torsional vibration 
can be set uj) by momejitarily actuating two small electromagnets placed at a 
suitable distance from the iron w^eights and the vibrations are recorded photo- 
graphically on a rotating drum. The pendulum is heated in an electrically hcatid 
tube furnace and the temperature is recorded by a calibrated chrom(‘l-aliime] 
thermocouple placed close to the specimen. 

a-AgCd alloys with 33. S, 29.3 and 24.3 at. % Cd and a-brass with 30.8 at . % 
Zn were prepared by melting appropriate quantities of the spectroscopically pure 
metals as described earlier (Quader, 1960). The alloys thus prepared were 
taken in evacuated ]\yrex tubes and homogenized at 650^'C for twf) days, then 
reduced in diameter by rolling and finally drawn down to wire of 1 mm diameter 
for use in the torsional pendulum. The wdres w^ere cut to proper size (7" long), 
straightened and again sealed in evacuated Pyrex tubes and ann^^aled at 600®C 
ibr 6 hours and thereby developed uniform grains with the average grain size of 
.02 cm. 
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The Ag(\l Npocinun was jiioiuited iu Ihe ix-uduliini and antunled tliore foi- 
ls mins, at, al,„ut 430 and intmial friction mcasurcin.-nts were obfaineil 
during cooling and suhse(,ucnt heating of llu> pendulmn. The niaxiimiiu anipli- 



tude of oscillation in all the ineasureTiients was not allowed to ex(;i‘ed that corres- 
ponding to a torsional strain of 4 •' lo For this small strain the decrement 
was found to be independent of the amplitude. At the ends of the measurements 
the wires were examined by taking X-ray diffracti{)n photographs to ensure that 
no appreciable loss of Cd had occurred during measurements. The a-brass speci- 
men was annealed at 530 C for on^‘ hour after mounting in th^^ pendulum and 
measurements were taken both during cooling and heating of the pendulum. 

The internal friction and rigidity were obtained by measuring respectively 
the logarithmic decrement and the frequemy of the free torsional vibration of the 
pendulum. The measure of internal friction herein adopted was the logarith- 
mic decrement divided by tt. 
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(a) M ensure ; 

Tv])ic*al internal frietiou curves for the three a-AgCcl alloys, measured at two 
differout fr(^<ju(‘ucies of vihratiojis, are shown in Fig. 2 and have ])een plotted as 



l/T"KxlU3-^ 

Fiju:. 2. I rit.prnal fViotion, inverso teni])ora( urt' for a-Ag-CM alloys. 


a function of reciprocal of the absolute temperature. In these curves a small peak 
occurs (such as one at 266'^C at 0.88 c/s for the 29.3 % alloy) followed by a broader 
grain boundary peak at a higher temperature. The weak internal friction peak 
is due the relaxation effects similar to that observed by Zener (1943) and 
Ke (1948) in 30% a-brass and is due to stress induced ordering in the alloy. 
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From tho curves it is evident that the jieak height iiu;reases with im‘reasiug 
Cd content and varies roughly as the square of the Od-coneenl ration. Since 
the grain boundary relaxation greatly affects the heiglit of the order ])eak, a 
correct estimation of the relaxat ion strength which is twice the Indglit of tin* 
peak is not possible. However, the location of t lie peak, whicli, according to 
Nowick (1952), is unaffected by the grain size, can be obtained from the gra])h 
withinil'^C. Hence from the frequency and the teinperature at th(‘ inaxiinuni, 
the corresponding relaxation time can be obtained from E(i.(r)). The ai tivation 
energy H is obtained from the shift of th(' maximum with tlie frequency 
with the help of the relation. 

7/ MW - ci) 

where the two freipiemums J\ and correspevud to tin* t<*m}K‘rat iiri's and 
The I'esults are given in Table I. 


TABLE 1 

Activation energy for the Zener and grain boundary relaxations 


Alloy Hysl om 

(%)lUJ)OKlt lOll 

at. % solutt' 

^ border 

K cal/iuolc 

in K cal/inolc 


21 .2 

29 . 9 

:{9.9(> 

.98.77 

39 . 1 


s 

38.47) 


( lu-Zii 

99. S 

39. 17 

39 . 84 


Tho activation energy is found to .locroasc vitii incr(,a«e of .•adnnun. .concen- 
tration in a linear fashion. Hence, l,y e.vtrapolatijig tlie straight line plot of tlie 

aetivation .-nergy against (1.1 e.mcontration to 0 % Cd we get = 41.(,K 

cal/molc .vhich is .d.,se to the vah.o 4..7K .al/.nolo for trae.r .Umisi.rn ..f (M in 
pure silver (Toinizuka et al, 1954). However, in . ase .d AgZu alloy Nowick g . 
Hoo/^j 5 n = 40.eK cal which he assuincl to corrcspon.l t.. the a. tivation cneigy o 

self diffusion of silver. 

Tho internal friction niaxhnmu due to grain boundary relaxation was ineasuroil 
only in 29.3% Ccl alloy, and tho corresponding a.4ivati.)n moigy g,. _ 

K oal/niole was obtained. According to Pearson (19ob), H,,, - . S.< j’ 

he 3^4% Cd alloy. The mechanism of grain boundary relaxation is not clearly 
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obtained by Ke (1948) lor poly crystal lijie 29 at.');, a-brass. The activation 
energy was calculated from the shift of tlic peaks and :19. 17 Real /mole 

and Hgf, — 39. 84K cal /mole are obtained lor the Zeiver aiid grain boundary 
relaxations respectively. According to Ke the corresponding values are llunitr 
^41.7K eal/niolc and - 41.(IOKcal/mole for the 29 at.'},, brass whereas 
Loclairc (1954) in a precision measurement with single crystal wire s])eeim('n got 
Harder — '17.. 1 1 Krai /mole. Tlie latter v\orkers ])iit l()r\^'ar(l a iiew theory of 

relaxation strength based on the assiuiiptiou of hit tire dilatation aeeoinjjaiiyiug 
changes in the order and obtained satisfactory agrt't'ineiit between the theoretically 
calculated and exporimejitally mcasii](‘d relaxation strength in a scries of 
a - (hiZn alloys. 


c) MeoHurement of riijidili/ modulus : 

Th(‘ frequency of vibration of the ]Kndiiliin] was m<‘asiir(‘d at different 1<‘ni- 
])(a’atures along w iththe internal friction measiiren units. Since the rigidity nioduhis 
(i of the wire is })ro})ortional to the S(juare of the frecjiunicy of vibration wduni 
th(‘ interna] friction is small, sonu* additional information may be obtained from 
a plot of fre(|uenev scjuared against timqierature. Such curves for the 
AgCd and 30, S*’;, CuZn alloys an* shown in Kig. 1. I'lu* curves an* similar to 



Fig. 4. /- ~T for 29.3 Vo AgOd mid 3U.SVo OuZn alloys. 


that obtained by Ke (1948) foi- a-brass and represent, the variation of rigidity 
with temperature. The deviation of the rigidity from linearity at higher tern- 
3 
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peratures, say, above 200^0 for the 29.3% alloy, is due to the grain boundary 
relaxation effects. The small dip at 266 ' corresponds to the internal friction 
]jeak due to ordering. 8imilar is the case with a-brass when the dip occurs at 
328 C corresponding to the order peak. 

DISCUSSION 

If the relaxatioji effects are to ])c asia-ibed to the local atomic rearrangement 
produced under stress, then the relaxation time r should ))e of the order of the 
atomic^ jump rate a'^/l2D, where I) is the diffusion coefFKiiejit in the a})sence of a 
(lOiK^entration gradient. That this is so has })een shoM ii experimentally l)y Leelaire 
(19r)4) for a no. of alloys w here both the diffusion and relaxation data ihvc avaiJabh'. 
A simiJar comparison between the relaxation tim(‘s and the diffusioji eocifficients 
is shown in Fig. 5 for the Ag-Cd alloys in which log D and log r/“/J2T values are 



1/T^K X 103 

Fig. .■>, (JompariHon of diffuHion (jot'^ieiont and aiJ/12T values. 


plotted agamst inverse absoluU^ temperature. The approximate values of chemical 
diffusion coefficients, for the 24.3 and 29.3% Cd alloys at three different 
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ten.peratures wer.^ obteined f,„n. Mannius's (1059) ox.rves, ^^h.. meamvod the 
tracer diffumen lu AgCd alloys up to 27 at.^l,, Cd. He also calculated D,„„„ from 
the Darkens’ (I04S) thet)rctical r.Oation, 

I (m. JjJnrj) _ 

using Sohoeu s tracer diffusion values D/ and tlie therm odynaniic- factor from 
Herasymenko s (1956) vapour pressur<‘ data. Tlie ex])erimeTital values 

aie usually higher than the ealciilaled ones, ancl an?, according to Manning, pro- 
bably somewhat in error at the limiting conoentrations. The I\r,em values for 
the 29.3 /^^ <illoy were, th<u*e.tore, obtained by e3tt-rapolating the theoretical curves 
only. However, for the 24.3% alloy both the theoretically*cal(?ulated and ex- 
porimental values of were read out directly from his curves. Tlie 

values were corrected for the thermodynamic facior, also obtaijied from Manning, 
before use for (comparison with the anelast.ic data. The value of /) so obtained 
are given in Table TJ. The log ^/2/l2r valmcs for all the alloys an' reconh'd in 
Table Til. 


TABLE TI 

Directly measured diffusion ci^efficients of AgCd alloys as olitaiued 
from Maiuiing (1959) 


(Composition 
at. % iM. 

dVitfi) 

r K 

l/T K lo;t 

o>« J> 
oalciilat 0(1 
Ironi tlioo- 
rot if’ul 
curve 

log /) 
calculated 
from oxpori- 
Tuontal mirv<^ 



OOU 

l.lil 

HL304 

10.530 

24.3 

2 .5 

1000 

1 .000 

0.300 

0.300 



1053 

U.940 

0.710 

0 . 852 



000 

1. J1 1 

b>.753 


29.3 

3.0 

lOOU 

1 .0(M» 

0 . ()(>2 




1053 

0.040 

8.025 



For the sake of comparison the log n,2/12r values for 30.8% a-brass are also 
shoTvm in Fig. 5 along \^ith the diffusion and anelastic data for the 29% a-brass 
taken from Leclairo (1951). For the 30.8% brass the log a^l\2T vlaes are higher 
than those of 29% brass and are, as expected, giving a higher value for the dif- 
fusion coefficient. 


M. A. Qnader 
TABLE ITT 


45 () 


Diffusion cooffioieni ca](!ulut«(l from auclastic measurements 


Alloy syHtcrn ( ‘oi)ipoKjtK)n T' K J/T K > I0'< 

Ht>lut «> 





] . 793 

10.905 


- 

r>72 

1 . 7.'>0 

15.. 333 


2!) . 3 

r»3K.r) 

1 . .85 S 

10.858 



r>4r> 

1 . 832 

15.077 


33. S 

529 

1.S9I 

10.940 


— 

543 

1.842 

t 

1 - 

i 1 



00 i 

1 . 004 

ir..03K 

Hii-Zn 

30.8 

012 

1 03.3 

15.281) 



020 

1 .597 

15. 0(.:) 


It is cvidout from Fig. 5 that, for AgOd alloys the log a^l\2T values are, within 
the limits of the ex])(‘rimental error, either slightly above or in th(^ same line with 
the log D values obtained from Manning's theoretieal eiu'ves. But when thi‘ 
experimontal values of iyj,em ^'C-re (‘ojisidtucnl the anelastie data fall below the 
extrapolated log />, and this for the 24.3% alloy is shown in Fig. 5. These results 
are in agreement, with the observations of Laelaire (11)54) in other alloys su]^])orting 
Now'iek's eonclusion that r, unlike />, is goverimd mainly ])y the diffirsion rate of 
the more slow^ly moving eomponents. Based oji the above assumption Nowick 
gave an approximate relation for Fr, tin*, mean rate of l eplaeement 

' I ^ ^ ( 8 ) 

IV ■ 24 f„Dj, ••• 

eonneetiiig and the atom self-diffusion eoeflieients. Leelaire (1954) in a 
critical discussion argued that the Ec|. (8) should not hold for extreme composi- 
tions where the atoms of one type are, for the most part, distributed singly in 
a matrix of the other. Movements of such isolated atoms, if sutficiently far apart, 
would not affect the order or give rise to a relaxation of stress or strain and the 
effects observed would correspond to rearrangements involving groups of two or 
more solute atoms. The Fr approrpiate to the extreme concentrations will be 
more nearly the mean Fr of an intermediate concentration. 
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Nowiek inacie an estimate .)f a(sec. K(,. J) 1,y assnmiiiij for t„ an expression 
similar to that derived by Zener (li»4S) for the ease of I)„ in self-diffusion and 
eoinpaiin^ with the valm^ of Tq obtaiinsl experimentally. Thus lie obtained 
a s; O.d for the A^Zu alloys. For the 3(1% a-brass Leelair(> ealeulated Eq.(S) 
in terms of and and compared the measured (r) and ealeulated (xt) 

values. In this ealeulation he used a eonstant value of 1.3(> for for all 

the tcmpeiature,s. From the observation he eoncluded that at least for 30%a-brass 
Nowic'k s relation seems to be valid with a eloseiy cupial to uiiitA'. 

Nowick’s expression was reealeulated for the A^tM alloys in terms of 
D (i^~ anfl va.hif'H of Manning s (racer diffusion measure- 

ments. The logarithm of the ealeulated (ar) and measured (t) values are ]»lotted 
against ^|T in Fig. (>. Keferenee to the ligure shovrs that (lie ar and t values do 



J/T'-K.-, i(ri-> 

Fig. (). Comparison of log (ar) ealeulated and log (r) observed for 24.3 and 
29.3% AgCd alloys. 

not fall on the same line, the former bemg higher, showhig that the a is greater 
than unity. To make the calculated r values fall on the same line with the 
measured ones, a should be equal to 2.8 and 3.1 respectively for the 29.3 and 
24.3% alloys. This result that a is higher than unity seems unreasonable, since 
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it means that the relaxation frequency is somewhat more than the rate control- 
linj? jump frequency. Thus it would appear that either Nowick’s relation does 
not hold for the AgCd a-phase alloys or the diffusion data are somewhat in error. 
Oleariy therefore, additional data for r in the case of these alloys are required at 
temperatures cJose to those of the diffusion measurements so as to avoid the 
uncertainties introduced by extrapolation. 
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ON THE PROCESSING OF NUCLEAR EMULSIONS 

0. N. KAUL 

Saha Institute of NiMXEAiR Phymus 
Calouttv-W. 

{Rrrrirnf March 2S. 

ABSTRACT. pjijHu* ^ivok nn account ot Hue Fompamtivi' siiuiy of tim sanous 

j)rocoH8ing fbrmulHo iiHmi by tlio author (iunn^ the anmc of thn nruilsiuii work, iihiiik both 
thick amj thin j>latos. Modifu^d IbriiiuUuv for various proc'f'Hsiiijj: stages fouiMf to mvt' the liost 
rt^sults have also boon sii^gosti'd. 

Tho pa}U'r also givos tlio inaudral loji iitiKt iiciHlod for \'arious di^volopcu’s lioth lo the 
caso of prosoakod and non-prosoakod oniulsioiis of various t liickiu^Ksi's. and also an account 
<if‘ tho study of slirinkagc. factor in nu<*1cur tunulsions. 


The author has made a detailed study of the proeessiug leehui({iu^ using 
Ilford Cg imtilear emulsions of 10(1, 200 and 400 micuon thitikness, and also 
and Gg plates. The details of the ijivestigation are given below under the various 
1 leads. 

Prt^making stage 

Before starting with the (kwelopment, it is necessary to soak the emulsion 
in water, so that the penetration of the developer may become easier and more 
rapid. .For this, the temperature and time limits suggested by various workers 
were used, and the following time and temperature limits were hiund to give 
the best results : 


Emulsion 

Time 

Temperature 

thickness 



100 

0.5 hrs. 

2"0 

200 

0.76 hrs. 

4“C 

400 

1,25 hrs. 

6"C 


To faculitate penetration, presoaking in distilled water with or without the 
addtion of the wetting agent is frequently made use ol. This acts to swell the 
gelatine, permitting more rapid diffusion of the developer. It, however, does not 
effect the actual development as with the alkaline developments (I)il worth et al, 
1948; Mortier and Vermaesen, 1948; Picciotto, 1949). The suitable temperature 
at which the penetration is to occur has been found to be 4 C. Below this tem- 
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perature the jjeiietratiou time was found to be too long, and above it, the rate 
of developer penetration increases less rapidly than its activity. 

iJevelojmitni 

Tliin emulsions of 100 jinx order : 

Two degr(‘(\s of development were* found possible for thin emulsions. Modcratt^ 
develoi)m(^nt was found useful when grain densities of (jomparatively dense tracks 
(e.g. jjrotojis and a tracks of several MeV energy) are to l)e measur(*d. Since in 
this case it is essential that tlie grains be discrete, moderate development is ])re- 
ferred. This has an additional advantage of great reduction in the fog density. 
Strong dev(‘lopment, on the otJier haiul, although aceom 7 )anied by an. increased 
fog background, ])ermits a full utilization of the emulsion sensit ivity; and tlie heavy 
ionizing particles a 2 ) 2 )oar as solid columns of silver grains. Series of development 
tests were eoudu(‘t(Ml to detei*min(^ the development time giving the most j)referred 
combination ()f background and track densities. The rc'sults thus obtained are 
indicated below : 

Thickness Procedure Time 

100 (moderate development) 10 min, 

100 (strong development) 40 miji. 

no agitation 

Thick emuUions of 400 micron order and above 

For thick emulsions, the two developer solution method as suggested by l^lau 
and Defilice (1948) is found to give the best results to secuire the even develo])- 
nient. The first contains the developing agent without any alkali, permitti)ig th(j 
diffusion of the developer into the emulsion without- any appreciable amount 
of actual develojnnent occurring. The second bath containing an excess of alkali 
permits the development to take place. 

This method recpiires that the velocuty of tlu’? travel of a pYL change should 
exceed that of the develo})er itself;--a condition which is not actually satisfied. 
Also, up to 400 pm tliickness the two bath method eliminates any danger ol‘ r(‘ti- 
culation. 

It has been found by the author that the following modified formulae give 
the best results in the case of thick emulsions so fai* as two-bath developmejit is 
concerned : 

8ol. A. 


Eton 

1 gm 

Sod. sulphite 

20 gms 

Hydroquinone 

3.5 gms 

Pot. bromide 

2.0 gms 

Distilled water 

2 litres 
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Sol. B. 

Stock Eastman Djg ... 40«» c.c. 

Distilled water ... l«(K»c.c. 

Sod. carbonate ... 12 gms 

For 200 micron plates the lollowing single solution development formula 
was found to give the best results. It is the Brussels formula slightly modified 


by the author : 

Sod. sulphite 

‘hi gms. 


Pot bromide 

0.8 gms. 


Amidol 

2.8 gms. 


Boric acid 

12 gms. 


Water 

] lit. 


Penetrnfirig ihne vepded for various developers 

Tlio peiiotration time in minutes of prosoaked and non-pi‘esoaked emul- 
sions was investigated l)v tln^ author al 


Jfevrlopc}' 

Penrtr<itioH timv 

oi ‘ntfOi . 

.'Vzol 


200/i,/M 

400/U'/m 

Prosoakod 

4.r» 

Hi 

3S 

N<in-pntRoack('(l 

<) 

10 

50 

1)~10 

Prosoukt'd 

:\A) 

s.:> 

21 

Non-preso»k(Ml 

4.0 

10. r> 

37 

Amidol 

Presoakod 

I ..1 

5.0 

12 

Non -1 >rosoakof 1 

3.0 

!b0 

20 

Aiiiitlol liisulidiil f 

Pfosoakod 

2 . .1 

0.0 

12 

Non-] iroHoakc'd 

15. r. 

s.o 

20 


Proc<’.nxing formulae of thick- and thin emulsion.-! : The following processing 
fornudae were found to bo most suitable for 100, 200 and 4(K)/n« plates. 


St ag<' 

Temper at iin' 

lOOg'/a 

1 line in mm. 

200g//^ 

400gm 

Prtisoaking 

4 (’ 

.30 

40 

100 


5"<1 

25 

35 

00 

Ponotration of th<’ 

4op 

30 

40 

100 

cold dovclo})<M- 

5"(’. 

20 

30 

02 

Warm dry 

IH"-!’ 

25 

40 

80 

doveloj)iuont 


24^0 

20 

35 


Dry cooling 

J8'C to 5' <J 

5 

5 

5‘ 

JOO- 

Stop bath aootio acid 

(0.5%) 5«C 

30 

45 

(1.0%) 

20 

35, 

75 

Fixation 


3 hrK. 

S hrs. 

24 hrs. 

(clearing time 

4-50% more) ^ 

Washing 


3 hrK. 

8 hrK. 

24 hrs. 


4 



462 


0. N, Kaut 


The following processing formula was found exclusively suitable for thick 
pJates : 


Distilled water 1000 c.e. 

8od. sulphite (anhydrous) 12 gins. 

Pot. bromide (10% solution) 8 ce 

Amidol .‘1.8 gms. 

pH of the developer 7.4 


Fixing bath (pH 5.3) 

Distilled water 1000 ec. 

Sod. thiosulphate 400 gms 

Sod. bisulphite 10 gms 

NH4CI 7 gms 

Clearing solution (pH 4.2) 

Distilled water 500 ce 

Ammonium ac;etat(5 J 5 gms 

(Citric acid 8 gms 

Thio-urea 8 gms 


Small quantities of sodium bisulphite and ammonium chloride reduce stain- 
ing and hasten the fixation of the emulsion. But large concentrations of these 
ingredients lead to distortion. Further, in the fixing solution, one half of Hie 
quantity of hypo was replaced at several intervals, thus avoiding salt concentia- 
tion shoak. For the same reason, wasliing was also preceded by a gradual 
dilution of the fixing solution. 

Shrinkage 

The considerable reduction in the thickness of nuclear emulsions after fixing 
is due to the high concentration of the silver bromide in nuclear emulsions. The 
ratio of the emulsion thickness before and after fixing were found, and the following 
results were observed : 


Emulsion thickness in //m. 


Before processing 
100 
200 


After processing 
96 
181 


400 


359 



nkag< 
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Increase in the shrinkage factor f)f Ilford 0.^ einnlsions : 

The increase in the shrinkage factor of the enuilsious was iiivestigatol at. 
80% relative hnniidity. 



Time of stnrago in hours at 80% relative humidity 
Fig, 1. Shrinkage* factor plottcul against tlu* tJiiu* of stojag(* m hours foi Ilford ( 

micloar ciiiuIhioiik. 


Drifimj of the eynuh^ion 

Plates of either thicknesses were soaked in glycerine soJutioii and dried gently. 
Rapid drying was avoided, because it ])roduees a skin at the surface which traps 
the water lower down. This in turn produces stresses at the soft enudsioii whicfi 
produce severe distortions in tfie tracks. Blowing over tlie surfa.K' was avoided, 
because it introduces severe distortions, althougfi the temperature was sligfitly 
increased to accelerate the process (Dilworth. Ifir.l), Edges of the plates usually 
dry first causing surface doforn.af ious in (fu- cn.ulsiou, whi<-h was also Tuinnnize.l 

as far as possible. 
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STUDIES ON BINARY DIFFUSION OF THE GAS PAIRS 
O.-A, 0,-Xe AND 0,-He 

K. PAUL and J. B. HRIVASTAV A 

Indian AssoriATioN" for the Cri.Tiv\TtON of S( ifx('k, <V\i( itt\-H2 
{ffrrrfrnd Mftif IS, tOO h 

ABSTRACT. The mutual diffusion coidliuient of oxygen witli argon, xenon and ludium 
at 30°C, O’^C, 30^0 and has Irhui determined by the Iwo-huII' t ('ehnicpu' of N(‘y and 

Armistinid (1947). Diffusion v\'as allowed t,o tuk<‘ place through a })reeisi(ui {*apillary tulx’ 
eonnoeting th(' two diffusion hiilhs and sani])I(‘s of the gas were analysed at different tiim's 
with the hel]) of a })r(‘viously ealihratt'd thermal eondnetiMty analysei. 

A least srtuaro mc'thod was (Miiployed to eah iilatr' fVom iIk' <‘\ p»>nmt'ntal Di . values at 
different temf)eratures, the unlike int(‘rae1ion ])aninnd4‘rH on tip Ijennard-fTont*s (13 : f>) modid. 
These (‘onstanfs wen* used to ealeulatr^ the diffusion eordtieients. Vurthei, the tluninal eon- 
duet. ivdty of th(‘ mixt.ur<‘s was ealeulaterl using I'XiK^rinienf al values ol tin* niutual diffusion 
eoeftieient. and (n,lp*r transport ])roperfies ot pure eom|)nn<‘nls and reasonahle agrrM'ineiif with 
tho exporiniental data was old aim'd. 


I N T TM) D V T I () N 

Many j)roperii<^s of oasooiis mixtures eaii ht' fully (‘xplainetl only i1 the lorees 
between unlike moleeult^s ar<^ known. Among the transjiort pro])erti(*s of gases 
ordinary diffusion and thermal diffusion offer the b(\st nn‘ans for t[i<‘ det<M*mination 
of the intennoleeular forees. Ihiforiunately, accurate exptu’imental data snitable 
for intennoleeular foree determination are scanty, s])0(dally for the iiolyalomic 
inoleeades. A summary of the diffusion data available in the lileralurt^ has been 
given by Westenberg (1057), and some recent references are availahlt* iii an I'arlier 
])aper by tin? present authors (Paul and Srivastava. 1001). 

It was therefore decided to ])erf()rm a series ot aetmratc" diffusion (*()eflRei(*n1' 
nieasureinents of different gaseous mixtures over a fairly wide range* of temjierature. 
Several workers (Srivastava and Srivastava, 1050a; Srivastava, 1050; Srivastava 
and Bariia, 1059) have mt^asured binary diffusion of inert gases in the lemperatun^ 
range of 0”C to 45*^0, by using the two-bulb diffusion method and have us<‘d their 
data to determine unlike moleeiilar interaction parameters on the L-J (12 : 6) 
model. 

In the present case the same technique has been used for measuring for 
oxygen with several monatomic gases in the temperature range 20 (j to 60 C 
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The cxperimciitiil data obtained here have been uped to determine the force cons- 
taiits for unlike molecular interaction on the L— J (12 ; 6) model. 


DKSC’K r PTTON OF THE APPARATUS 

The ap})aratus i'-onsistefl of two bulbs made of Pyrex glass, connected by 
a precision brass capillary. The diffusion can be started by opening a stop-cock, 
situated between the two bull)s. 

For analysing the gas a differential thermal conductivity analyser similar 
to that employed by Srivastava and Srivastava (1959) was constructed. Two 
conductivity cells form the two arms of a wheatstone bridge, one of the cells 
containing a suitable standard gas while the other contains a sample of the gas 
to be analysed. The other two arms of the wheatstone bridge are two fixed resis- 
tances, which together with the conductivity analyser are kept immersed in an 
oil bath maintained at 34.2'' 9.05‘'C. Gas samples can be withdrawn through 

a fine leak from one diffusion bulb to the conductivity analyser. The analyser 
requires only 0.3 cc. of gas at N.1\P. for analysis and therefore does not disturb 
the pressure of the gas in the two diffusion bulbs. 

The conduciivity analyser has to be calibrated for each j)air of gases. Mix- 
tures of known compositions arc introduced in the analyser cell and the bridge 
is balanced by introducing a variable resistor adjustable to 0.1 ohm. in parallel 
to one of the fixed resistors, keeping the bridge current constant. In this way a 
calibration (nirve is drawn for each pair giving the composition of the mixture 
for any value of the parallel resistance. 

The diffusion apparatus is kept inside a thermostat which can be maintained 
at any desired temperature with fluctuations of the order of 0.05' C. The thermal 
regulator consists of a low wattage heater and an electronic relay with a pro- 
j)ortioning toluene head. For maintaining temperature near O'^^C, the inner 
(chamber of the thermostat containing the diffusion bulbs is cooled by an outer 
chamber packed with ice. For — 30"’C, alcohol replaces water as bath liquid and 
li(|uid oxygen is ])oured into the outer chamber containing alcohol. 


THEORY AND FORMULAS 

The theory of this method has been considered in detail by Ney and Armistcad 
(1947) where it has been shown that the relaxation time 1/a of the system as 
defined by the relation 

r*’,) = exp(-aO ... (1) 

is given by 
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where 6V, aud C'\ are respectively the concentration of the heavier gas 
initially, at time 7’ seconds, and after complete mixing. r, ami I’., are the 
volumes of the bulbs in ce. and V, ^ 1V|- K, • 1), is the ccefficient of diffusion 
in cm /sec at a pressure of p cm. of menuiry. .1 and / are the effective cross 
sectional area and effective length of diffusion path respectively. 

From Eq. (1) it is evident that a plot of Jog, ((\-(\') against t gives a straight 
hue, Its slope being a. Knowing ,.an be calculated from Kq. (2). the 

diffusion coefficient at atmospheric pressure- is related to !),, b\' the Kep, 

Patm — (.•{) 


E X P E R I M K N 'I' A‘]/ | B E S t' h s 

The gases used vv'ere supplied by British Oxyg(‘U ('oin]»a!iy, Bjiglaiid ajid were 
quoted to bo speetroseopieally ]>ure, e\ee])i xenon which contaiu(‘d about 1 
krypton. 

( of the di/Juaioth a ppnr(dG,H 

Volume of bulb J 325 cc. 

Volum(3 of bulb II 547 (‘c. 

Length of the diffusion capillary b. 05 S ctu. 

Diameter of the diffusion capillary d.31b cni. 

-0.37:1. 

00 

6\ is calculated from the initial concentration in the two bulbs, which was 
further cheeked for some runs by detenniiiing the concentration at an interval 
of seven times the relaxation time. 

Table 1 shows a typical set of observations. 

TABLE I 

Observed concentration of He at different times for Og-He at— 29.5 '0 


Time in minutes 

R in olims 

<V 

Ci'— ('1 

lo«jo 

0 


1 ,006 

0.627 

r. TO?.*} 

15 

243.2 

0.86S 

0 49.5 

1 

35 

2.34.6 

0.746 

0..373 

1.6717 

m 

225.6 

0.611 

0.238 

'l.376<i 

96 

2J7.S 

0.512 

0.139 

1.14.30 
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"J’uut’ in minut<‘s~> 
t j. 

Fi^. 1. Plot of log,,, af^iiinst f. 


00 

Fig. 1 givcH the plots of versus t for Og - A at all temperatures. 

The values of diffusion eoefl&cieuts have been given in Table II. 

D K T E R M r !sr A T T O Tsr OV P O T E N T T A L P \ R A M E T E H S 

The various methods for determining the poienlial parameters from the 
measured diffusion eoeffieients sueh as (a) the ratio method, (b) translation method 
of Keesom (1912) and Lennard- J ones (1924), (e) the inter section method of 
Buckingham (1987) and (d) the combination method using other transport pro- 
perties in addition, have been fully discussed by Bunde (1955) and Srivastava and 
Srivastava (1959a), pointing out their advantages and limitations. In the present 
case the intersection method has been found to be most suitable for the determi- 
nation of the force constants on the Lennard-Jones (12 : 6) model. As some scatter 
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TABLE 11 

Observed v'^alucs ot the (Uflusioii (‘oeflficieiit in (•ni-/sot*. 


(}as 

mixture 

Tomp. " K 

PiibSHuro 

iu mm Rtf. 

Dp 


[‘rt'vnnis 

WDi’k 

Diu calc. 

from foi'ci^ 
coiislafd 
fitted to 
diftu.siori 
dtita. 


240 2 

5S 4 

1 002!» 

0.0S4 


0.(tS2 


274.75 

5S . 7 

1 .2050 

0. loo 


0. 104 

O2-X0 

303.55 

04.1 

1 .40.30 

(L 120 


0. 125 


333.0 

03 . I 

1.7044 

140 


0. 140 


243.2 

01 .0 

I .OS 10 

0 . !3r» 


0.135 


274.7 

70 3 

1 SI 03 

0 3 OS 


0. KiS 

(>,. -A 

203 2 




0 200'/ 

0. ISO 


304.5 

03.7 

2.4000 

0.202 


(L202 


334.0 

00 3 

2 . 739 s 

O.230 


0.23H 


244.2 

03. 1 

0 . 4554 

0.530’ 


0.533 


274.0 

00.0 

7.0S7O 

0.040 


0.040 

Oo-Ho 

304.4 

02.3 

0.2S72 

0.701 


0.771 


.334. 

0.3.3 

11.1204 

0.012 


o.ool 

n Boiirdimin and Wild ( 

1037). 






was found in tho intersootioii points of the curv.-s, the force constants determined 
by this method were, considered as ai)pi<>ximate oiois. Th(‘se ap])roxinmte values 
were used to calculate the parameters more accurately by the method of least 
square fitting (Margenan and Miin.hy, lt» 52 ). The metho.l followe<l here is ana- 
logons to that of Whalley and .Schneider (mr>) for determiiiiug the potential 
parameters from the secoml virial eoeffieients. 

Let the approximafi; values of cr,., and eiJk be (0-12)5 and (t-ia/A:)# then 


and - 




... ( 4 ) 

... ( 5 ) 
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whore a ajid h are small correction terms. The normal equations for computing 
the correction terms can be written as 



I,[(Uia+Vih)—Fi]Ui 0 

... (G) 

and 

lt[(Uia-\ Vib)—Fi]vi — 0 

... (7) 

Avhere 

^ i = (^I2)eal' 






Here (Di 2 )caZ- calculated using the values of and ((Ti 2 )o* 

Jt was found even in the extreme case of 02-He, the contribution due to second 
ay)proxiinatiou in the value of 1)^^ amounted to less than 1% and hence 
was evaluated only up to lii’st aj)proximation. The normal ecyiiations arc then 
solved foT‘ a ajid b. ITsing these new values of e.jg/A' and the vhol<‘ ])rocess 
was rej)eatod till the values of a and b came vanishingly small. The force cojistants 
thus determined are tabulated in Table 111 together with the values oblaijied from 
the usual combination rules. Tt is ciisily seeai that the two sets of force 
constants agree within the limits of experimental error, though th(‘ combijiation 
rule value of (Xy^ is always larger as is expected. 


TABLE 111 

l^otential parameters on the (12 : h) model from the t*xperimental data. 


pair 

I’roHent. Avork 

From (• 

Usin^ ff)rc('. 
<*o?isiaritH from 

ojnlutuitioii rul<‘ 

for(*(‘ 

(‘Oiislnnts Irc)!!! 
rtlM-OT.fl V’lritll 

cfTotticicnts 

O 2 'Xo 




oi./IcC^K) 

107.5 

100.0 

104.0 

^12 (A) 

8 . 780 

8 . 744 

8.818 

02 -A 





100.4 

118.4 

120.7 

or , 2 (^) 

8.401 

3.425 

3.400 

0 . -K€> 





80 . 35 

38.08 

34 . 05 

ari2 (A) 

2.078 

3.004 

3.078 
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r () M P A R 1 S O N WITH EXPERIMENTS 

(a) Mutual diffusiov coefpcieMf'i 

The Vciliics of the potential parameters obtained here have been used to 
oaleiilatc the iniitna] diffusion eocffi(‘ient of the different ^as pairs on the bennard- 
Jones (12:6) model and the calculated values are compared with the experimen- 
tally observed values in Table TT. Other experimental data where available for 
these gas pairs are recorded in column (7) for the sake of comjiarison. The good 
agreement between the measured values and those calculated from our force cons- 
tants shows that the force constants determined by us are quite reliable and can 
be used to calculate other transport properties. As pointed out by Walker and 
Westenberg (1960) the reliability of the force constants could further he tested 
if high temperature data for those substances were available. 

(b) Thermal conductivity of mixtures 

The experimental values of together with other experimentally deter- 
mined properties siudi as self-diffusion, thermal conductivity and visccKsity of the 
])ure gases, were used to calculate the thermal con<luctivity of mixtures, without 
assuming any particular form of tlie ijiteraction ])otential exce]>t a centi'al force. 
This method has been suggested by Weissman el at. (1960) for testing how well 
a mixture confirms to the basic assumptions of Chapman- Enskog theory or for 
determining tlie t*onsistency of the experimental mcasureimuits. 

Hirschfehler (1957) has obtained the following ex])ression tor ^ be thermal 

conductivity of gas mixture, consist ing of a diatomic gas demited by subscTijd 
1 and a monatomic gas denoted by subscrijit 2. 

I r I A fnix\mon "t ' ! A" , — ( )fnou] I 1 “t ('^ 2 /'^'! )(^^1 J / ^ * • * (^) 

where the symbol have th(nr usual meanings and expressions have bt^en given 
for them on the Chapmau-hlnskog theory by Hirschfclder, Curtiss and Bird (1954). 
(^i)mon ajul Dn were calculated by using the experimental values of the visco- 
sity of the diatomic gas, with the help of the following expressions 

= 98.42 

A* has been shown by Weissman and Mason (1960) to be nearly independent 
of either temperature or force law and its contribution to the final result is 
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negligihle. Therefore a rough estimate, of /I* is often adequate. Here we have 
usofl the kjiown fbn^e oonstantH to find .4*, IVoiii tlie tables. 

iuv(»lves ^^*12 ^nd Thc value of 

(^'^ i 2 )wjow has been calculated from experimental values using the relation 



has again been found from tables using our force constants, while has 
been obtained with the help of experimental values of fhe following 

expression given })y Weissman fJ at, (1960). 

- {1/12)[2((9 In In T)~l]19-2(d In DJd In T)] ... (12) 

Thus Kfnir has been (*alculated with the help of only experimental quani ities, 
and re(!orded in Tables IV^ and V together with the observed values. It can be 
seem that the agreement between the experimental values of thermal conductivity 
and the values calculated here from other ex])erimcntal data is within the limits 
of experimental errors for all the mixtures. 

This shows that the distomie oxygen molecule can be taken to be spherically 
symmetric for (calculating the transport properties. 


TABLE rV 

Thermal ccmductivity of O.^-Xe and 0.>-He at IW V in cal. cm-h sec^^ deg-b 


(’ra.R pn i V 

of inoual oniic 

()- 

-Xo 


-Hn 

coUHtitiH'nt. 

X 10"' 


X 10J> 

X 1 05 

100 

1 . 2V)4" 

1.204 

8G.87« 

86.37 

85 

1 .084 

1.740 

27.00 

27.26 

70 

•> ‘•>.>'1 

2.270 

20.14 

20.65 

55 

2 . 804 

2.907 

15.64 

16.06 

io 

:i . 564 

8.650 

12.30 

12. .58 

25 

4.801 

4.545 

9.642 

9.850 

10 

5.500 

5.6IG 

7.621 

7.670 

0 

6.442 

0.442 

6.441 

6.441 


« Sriv^a«»tava and Bania (1960) 
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table V 

Thermal conductivity of O^-A mixture at 38*0 in cal. cm-> sec K deg-'. 



” ^0"‘ 

V^rnlr ■ 

mo 

0.40!'' 

0 . 40 1 

00 

0.015 

0.228 

so 

.7 . (>;7;7 

.7 . 0S9 

70 

5 . 400 

.7 . 7 04 

GO 

,7 , 22.7 

r> . .754 

,70 

.7 . 05.7 

7 . 3.30 

40 

•< . !>0.7 

5 . 1 20 

:{() 

^ . 7(>0 

4.104 

20 

4.015 

4 72S 

10 

4.4H0 

4.534 

0 

4.3.70 

4 . 350 


SriviLstava and SrivaHt.ava (I95!d>) 


[} I S C r S N T () vs 

Tn an attempt to determine the inUnaetioji paramet^TK })etwe€^Ji two unlike* 
gas molecules, we have trkal to im rease the range of our mutual diffusioji ex- 
periments both in the higher and lower t(‘mperature sides. Jn tlie present ease 
also no systematic departure from tlic empirical combination I’ulcs for calculating 
unlike interaction i)arameters has ])een observed. This is ])artly due to tin* fact 
that the individual force constants have not been determined with sufh<*ient 
ac<‘.uracy. 

The discrepancy hi the ease of O.^-A interaction se(‘ms to be tnore pronounced. 
There are practically no other data on mutual diffusion or thermal diffusion of 
these gas pairs aiid hence it is difficidt to test the accuracy of these results except 
by seeing how well they reproduce our experimental data. 
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PERIODIC FADING IN OBLIQUE INCIDENCE 
SHORT-WAVE TRANSMISSIONS 

B. RAMACHANDRA RAO, M. G. SESHAGIRI RAO and 
1). SATYANARAYANA MUHTY 

loNOSPHEKK KeSKAU(’H LA.BOKA.TORIBfci, PhYSICS DEPARTMENT, Am>HU\ Tn I VEKHITV. 

Waltaib. Inj)i4 

{Received April H). RemtrtnUted SO, 1901) 

AHSTRA{/T. This pa})fu* deals mth th^*- interprftation of jX'riodn- fadiiiK o))S('rvod in 
()])li(jue JiUMdence CW transniissioxis as due to changes igi phas<*-j)al hs of th»* inUMreriiig waves 
produced by critical frcciuency changes in the reflecting layer, rsirig Uookc'i's eipiation as 
iuodifi<‘d by Tiao and Kao (19r>8), clianges in j>ath lengths and hence tiu* number of int(‘rferem*(* 
iiuixirua have been calculated and (‘ompared with the experimental results and a good agnvi. 
m lit IS observed. J^y (MiiUjiaring tin* th'*oret ie«^lly calculated values with (experimentally 
obtained ones dm^ to the interlenuiec* of the different modes, the ])uasible modes by which tlie 
I rausmissions from (!alcutla and Madras arrivti at the r<'c(‘ivnig station (Wallair), Imvc been 
determined. Ry using tlc' number of mterfenmee maxima and the critical trecpiency valiK's 
at any instant, a method of calculating (‘nti(*al frcqinmcy changes in small time intervals has 
bc(‘n j>roj)os(*d. 


1 N T K O 1) U C T J 0 N 

Continuous wave-signal strength records due to radio-wave transinissions 
from distant stations usually show both random and periodic fading depending 
npoii th«! i()n()S])heric conditions. Api>leton and Bevnon (Ua7) (tbsorvefl and intcr- 
jiietod ])criodi(! fading of magneto-ionic origin. Periodic fading of a different 
origin was observed in oblique incidence short-w ave C IP transmissions Ity Bajicrjee 
aufl Mukhorjoc (1!)4<)) who iutetqircted this type of fa<liug as due to continuously 
varying path difference between two intefering waves singly reHecled and doubly 
reflected from a single layer having vertical movement or siiigly reflected from 
tw'o different layers w'hon one or both the layers undergo vertical movement. 
Later, Kliastgir and Das (1950a) studied similar type of periodic fading in short- 
wave transmissions from distant stations and these authors have interj)reted 
the observed fading as due to interference of two or more weaves undergoing 
diflferont Doppler frequency shifts when reflectcfl from one or tw<» ionospheric- 
layers moving vertically. In a later communication, Rhastgir and Das (1950b) 
have shown that these two apparently different interpretations are equivalent 
to each other. 

In the present investigation the authors have attempted a (juantitative 
interpretation of periodic fading observed in short-wave transmissions from 
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distant A.l.K. stations, on the assumption that there is a coxitiimoiis phase path 
change in one oi* both the ionosphericallj^ reflected waves due to ionisation changes. 

SOM E R K L EVAN T THEORETICAL CONSIDERATIONS 

For the purpose of interpreting quantitatively the observed periodica fading, 
the phase paths of the ordinary waves are calculated by using the approximate 
formula for phase-path developed by Rao and Rao (195S). The phasc-pfith of 
an (MU. wav(‘ in the ionise<l inediiim is given by 

... (I) 

where dn is an infijutesimal clement along the path of the wave and ft is the phase 
rofrcctive index at that particular element . According to the t reatment of Booker 
(1939), fC can be resolved into the vortical component cos ?/>( q) and th(^ 
liorizontal c.omjxment //^^/sin sin i — r), where is tlu' angle of refraction at 
the particular point under consideration and /u flit* rofra(*tive index at tlu^ 
same point. Similarly, dR dh cos »//, where dh is aji inlinite simal element ol‘ 
height 'K at the same point. 

Thus integral (1) can be expressed in terms of q and h as 

f ... (2) 

J q 

For the evaluation of the above uitegral, a knoAV ledge of the variation of 
q with h is re(|uired. Booker (1939, 1949) had dediu^ed for the case t)f obliquely 
ijicident radio waves a quart ic equation giving the variation of 'q\ with .r for any 
given values of wave frequency 'j'\ the, earth's magnetic field //, the angU) 
of incidence i, and the collisional fre(|ueii(*y v. Jiao ei uL (1958) observed that 
the following empirical relation 


q^ — C'^ A.r 


( 3 ) 


gives close agreement with the q x curves as obtained by the quai th; equation 
of Booker. The value of A is determined from the limiting values of q and x 
and is given by whore C is cos i and Xr is the value of x at the point of 

reflection i.e., at q — 0. If parabolic distrilnition of ionisation wdth height is 
assumed, then x and h are related by the well known expression 

fih^-ah-^x = 0 ... (4) 


a = 


2A 

PK 


aud 




Jl 


where 
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where. /„ is the critical free, ueiiey ,.f ih,- „r,liiiary ray,/ eperaliujr lre.,,u-iicy . 
fi,„ IS the senn-thiek}iess of flic layer. lTsiii<.r the al.ovc rclatioiiH (ll) and ( 4 ) 7 
can be expressed in terms of fi' alone ami the intefjnil (i>) can no« be wrillcn as 


i \<'U oc/,)\i-"" 


(•■') 


As the above expression involves oiil.x one variable h. if. ,au be cvaliiafeil l.cfuceu 
the lequiied limits. Actual iiitcfirafion and sinijililicaf ion i>ives flic final 
(‘(^nation for tiie ])hase ])at}i as 


! /v. C I - 2 - I 


L 




In 


I i /> 
I - /> 


\vh(‘ .e 


D — 


f . cos. i 


(<^) 


Usin <4 tli(^ above ex])r(‘ssi()ii. ])has(‘ fiatlis lor ordinary i’a\ are ealeulaled 
at two differejit tiiu(\s knouiiej; Itie vahu's of critical lr(Mjii(Mici<‘s at those tirn(*s. 
The change in phase ])atli of any ini(‘. h‘rin'j: inod(‘ dne to tlo^ varying (‘lectronic 
density is thus obtaijied. liy estiinatijig the <*fianui‘ in tin* phase path cliffort'nco 
b(dween the two int(‘rf(‘i'ing models, tin* nundxn’ of fading maxima e\p<‘ct(*(l to 
occur in tfiat interval of time caji lx* calculated. 


K X r K K I \l K N r A I. !) K T AILS AND K K SI L P S 

Ihsing an Kddystone commnnical ion r('<*(*iv(‘r of tin* mod(‘l X-oOd, with a 
D.Ck am])lifier and an Kstc'iline-Aiigus pcji r(‘cord(‘r, [U'riodic fa<llMg in shoit 
wave transmissiojis of ().dSolVIc/s<‘c from Madras. a.nd 7.21 M(*/s(‘c from Calcutta 
a,t distances of (i20 and 7,S0Km r<*s])ecl ively from tin* rec<*iving station (Waltair) 
has been studied. 

The records have fx‘en taken <luriug tin* <*arly aft(*rnoon hours from 
to 1500 hrs l.S.T. with a view to minimise tin* contribution to path chaug(!S din* to 
the vertical movement of tlie r(*M<*ctii)g layers d^ln* ln‘ights and sc*mi-thickn(‘Hses 
assumed for tlio A\ and layers are lOOKm a,nd 20Km, 220Km and bOKrn, 
and :i20Km and 140Km res]>(‘ctively. The vertical eijuivalent fre(pn*nci(*s 
(f. cos. i.) for the different layers for tin* different modes of firopagatiou for both 
the stations, Madras and (Calcutta, ai’c jnesented in Table* I. 

Treliininary experimental invest igati<»n has bt*i*n mafic with transmissions 
on 6.085Me/sec from Maflras between 1500 and IdtlO hrs. I.S.I. The (*ritical 
frequencies for the K layer at these times fluring \vhif*h recorfls havt^ been taken 
are 3.4Mc/sec ami 3.3Me/sec and for layer during timse hours are 4.6 and 4.5 
Mc/seo respectively. Typical results of ealcailations made tor a record taken on 
14.2. ’55 are giyon below^ ITroiii considerations of t he j. cos. i. yalues given in 
6 
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TABLE 1 



()})(x*ating 

l^istanci' 

f. COB. i. values 


Station 

fn'iiuciicy 

from — — — - ~ 

. ^ . 

— 


f ivf/civiiig IK 2E IK, 2K| IF.. 

Ht lit ion 


Madras 

(>.085 Mc/k 

()2t) Km 

1.86 

3.30 

3.52 

4.98 

4.37 

5.51 

( 'alfiitta 

7.21 Mc/s 

7.‘i0 Km 

1.90 

3 47 

3 . 72 

r > ..“>0 

1 . 76 

6.26 


Tal)U'- 1, Ijy, 2E, ll\ and modes of propagation are possible. The interferejiee 
b(d.\v'een any two of the above ])ossible four modes gives rise to periodic fafling. 
Actual calculation and a com])arison of those results showed that ijiterfenmce 
between \E and 2E, and \E and are only ])res(‘nt. The freqiumc'v of fading 
for iE and 2E interferenee observed is lb as against the ealculaied value of 22. 
The obs(uv(‘d value of frequency of fading for IE and I ijilerlcrcjici^ is 2 as 
against the i^alculattMl value of 1.44. The critical fre(jU(Micy data are tak(‘n as 
reported from the Ahniedabad Ionospheric Station b(M*ausc no critical ti*e(iuejicv 
data are available tVorn Madras for tin* E and layers. The agreemejit 1x4 w ei*ii 
the cabxdated and the observed values of fading rrecjuency may be considered as 
good in view of th<^ approximate values assumed for the critical IV(x|ucncies. 

l^'urther iiivestigatioji ojl these lines has beeji <arricd out extejisiv(‘ly using 
transmissions on 7.21 Mc/s from (4alcutta station between 1220 and 1220 hrs. 
.I.S.T., in the months of November and December, 1050 ; and ]x4wcx‘n 1400 ajul 
1500 hrs. I.S.T. during tlu^ Jiionths of February and March, 1057 . Th(^ heights 
and semi-thicknesses of the different layers are assumed as before and the/. ct)S. /. 
values for single and double ho]). rellections for the difh'rent layers are as ])r(‘sented 
in Table 1. (k)m])ariug the vertical eijuivalent frequem*ics for \E, I Fj and iF.y 
modes of projjagation with the J\yE, j\^h\ and /oFo values at thosi‘ hours, it has 
been found that 1 b\ and \b\ modes are not x)ossiblc, as each mode suffei s j*etlection 
from the hnver layer. Further the 2F^ mode is not possible as the etpiivalent 
fre(gieney for this mode is found to be very close' to ajid sometimes less than 
f^Fy, The 2^2 mode, though theoretically j)ossible, is likely to suffer v(‘ry large 
deviative and non-devialive absorption and hence it is unlikely to be ]>resent 
in significant strength. Thus the single and double hop reflections from E layer 
will b(^ the predominant modes of y)ro])agatioji for transmissions from Calcutta 
rec(uv(^d at Waltair. The experimental fact that most of the records show' 
simple fading patterns with a suigle ]>eriodicitv of large amjditudc confirms the 
assumption that 2F., mode is not present in sigiiificant stroigth. Two such tyjucal 
records of this type are shown in Kig. 2. Complicated patterns indicating supor- 
I)Osition of more than one periodicity appeared only occasionally. Phase paths 
and frecpioncies of fading have been calculated for the months of November and 
December using relation (6) and the critical frequency data are taken from the 
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lonospliorie llesearch Station, AhmedaJKul. The /„A’ values ai AUinedaliad 
are foinid to be lower than those at Waltair and higher than those at Caleiitla by 
about 0. 1 Me/see. Hence the Ahintnlabad data are taken to r<‘y>res(‘nt fairly 
well the eoiulitions existing at the reliecting point- as its latitiuh^ is midway be- 
tween those of Calcutta and Waltair. Taking any two of tlu' three possil>l(^ 

TABLE II 


The residts of theoretical calculations of interference maxima in lading records 


and comparison with c 
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modes of T.ro|Ki«ation, tbt- difference in tlu> phase paths anil liene<. the frec|ueuey 
of fading per jiiinutes have been ealeulated. The .•aleuh.ted fre.pienc.v ot 
fading is about K’lmni. for \E and •2F., inlerh-renee. about 12f’/.nnt. U>r IE 
and 2E iutorferenee and about 20f7nmt. for 2E and ‘2F, inteferenee. There 
is fairly wide variation in tlicse values depending upon the critical freqn.-ncy 
values of E and F„ layer on the particular day of obs<u vation. The observed 
frequency of fadmg centres round the value IS-OOf'/mut. for most of the 
days. Thus it is evident that \E and 2E interference is mainly responsible for the 
observed periodic fading. The results of the detailed calcinations for the indivi- 
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TABLE TIT 


of fiitica! ff'e({uejK\v changes in K layer dcHluced from fading records 
find (•oin]>ariHO!i witii (Iioho docliited from rritioa! fre(|nen(*y data 
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dual days are shown in Tahh' JI. Aji examinatioji of Tab’e J1 shows that the 
o})serv('d freqiieo.ey of fading is agreeing fairly \\eil with the theoreti(*ahy (ja'cm- 
lated vahie for 1/^ and 2K interference for most of the days. In view of the 
a}3|)roximation involved in the phase-])ath forimda and laek of crith^al frequen(;y 
data from a station close to the ])oint of reflection, the agreement may be 
eousidere<l as reasonably good. However, weak signals by '2F,^ mode are received 
occasionally as evidenced by a secondary periodicity superposed cm the (!ommon 
type periodic fading. 
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A MKTHOD OK O E T R K Ml N 1 X (! (' II I T I C A J. K K E Q K K X Y 
O H A X (! E F H () M T If K OUSE U \ K I) !• K K I O O i <’ 

F A 1) i X (! ]* A T T E H X S 

The above sturly has suggested to the aiithovs the ])ossihility of making 
use of such experiineiitiilly ohtaiiicd periodic iadiicj: n‘<*or(ls for llu' study (»f 
miiiuto iojiisatioji (‘hauges in the reflecting layer. T\w rate of chang(* of path 
difference with time het^veen the two modes sufTeriiig r(‘flection iroin th(‘ same 
layer and interfering to ]>ro(luee fading is depemlent iij)on the ionisation chaiLges 
in the relle(*ting layer, jirovidi^d the layer lieight remains tlu' same. Thus the 
observed fading period is related to the cirtical fre(|u<Mic\ changes 

The path difference between \E and '2 It! reflections ex])ressed in terms of 
operating wavelength is calculated foi diHereiit vahu's ol of th(‘ refk*cting layer 
and a graph is drawn betw'('(‘n this jiath ditference and tlie correspoiuling 

S300{ 



2000 L_ 
3-6 


CRITICAL FREQUENCY IN Mc./S. 


Pig. 1. Critical frequency., «th .lifferon,-e curve of IE an.l 2E. m Calcutta t rnnsnuHs.onH on 
72IOKc/sec. 
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/„ values as shown in Fig. 1. If a fading reao.id is taken in a known interval of 
time and if the critical fre(|uency of the E layer is known either at the begiiuiing 
or end of the record, the critical frequency corresponding to each fading at each 
interval of one cycle can be calculated as well as the critical frequency change 
for the duration of the record. 

This latter method has been used by the authors to evaluate critical frequency 
changes in short intervals of time from the observed fading periods. The critical 
frequency change during the short interval of the record is read from Fig. 1 , 
assuming the /j, value at the })eginning of the record. This value is then compared 
with the expected f^E (change in that interval, calculated from hourly values of 



^ 



Fig. 2. Periodic fading in Calcutta transmisHionB on 7210Kc/aeo. received at Waltair, duo to 
the interference between IE and 2E rdflectione. 
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/qjB given in Ionospheric Data Bulletin assuming Imear variation of f^E with time 
in one hour interval. 

A large number of records were taken during February and March, 1957 
for Calcutta transmission on 7.2IMc/se«‘ between 1400 an<l 1500 hrs. l.S.T. and 
as in the previous months, it is found that \E and ‘2E interference is the predomi- 
nant cause of periodic fading. The contribution to phase path change due to 
height variation is found to be negligibhi compared to that due to critical freijueiuiy 
change. The results of the calculation are presented in Table JIJ. 

An examination of the above Table III shows that there is good agreement 
between the theoretically (ialculated and experimentally obsei vcd values. This 
confirms the correctness of the iuter])retation of tlie periodic fading as due to the 
interferejice of IE and '2E I'eflections. As tlu* change in critical fre(]uoncy deduced 
from the graph depends not only upon the frecpiency of lading, but also upon 
this refereiKiC criti(;al frequency, any iuaccutaev in choosijig this reference fre- 
([ueney will introduce some (UTor in the calculation of tlu* critical fre(juency 
change. One significant fact to be noted is that the day to day fluctuations in 
the critical frequency values and tlu' magnitudes of theii' change are regularly 
observe<l as a change in tlii“ fre(juency of fading. 

The present method of interpictation adopted by the authors has the advan- 
tage that the obsei ved fading period is directly related to the (u-itical fre(iuency 
(ihangc of the ionospheric layers and heiu^e it has been possible to estimate parti- 
cularly the shfjrt period critical f'reciuency changes from the fading records. The 
method has the advantage that the techuiiiue is simple. 
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THE ROLE OF EMPTY ORBITALS IN SUPEREXCHANGE 

INTERACTION 

K. P. SINHA 

National (^hkmk ai .Laboratory, Pooka-8, India. 
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ABSTRACT. In t li(‘ wtikf* of oiir spin ])<»hiiMzation mF>(‘hMnisni rlovcloi od for thi* indiropt 
intprartion in sottk' inn^iiptip Hystpni«, (•(‘rtaJn nddiiioual sii|wn'oXPhanp(' oftopis 
invcdviuu pmi)ty orbitids a.i*^‘ ('xplortMl. Analysis of nsiml ‘throo-pnnO’p and four-plectroir 
systorn ro zeals that th** dnlocdiazation of two oleotrons, one eaeli from tlio two magnetic ions, 
to the lowest availal)l(' (‘inpty orbit'il for Ihc unit, always stabilizoa ibo singlet .-tatp. This 
type of p('rtiij batrni thns l(‘adp to antifonomagnetip sup{‘revpbnngp offpct. 

An ostimatp of tl o rplovatit irdpr«n*tior tern shows tliat t he effpct is quite np]>r(‘ciable 
and strencri.hens the former mefle».nisin, which alsc oj)e.rateK through th" accnicy of such enqity 
orbitals, 'Phe importunce of thi'se two ineehnn srns, in relation to those emanating from 
singly occupied orliitals for furidameatallv antiferro-rnagnetic com]'Oimds is stressed. 

T N T H 0 1) U 0 T T () N 

All indirect (exchange interaction mechanism involving empty hx^alized 
crystal orbitals was recently proposed by ns (Koidc, Sinha and Tanabe. 1959; 
hereafter referred to as I) which contributes significantly towards the S])in coupling 
in magnetic compounds where the paramagnetic ions are otherwise separated by 
the interveuirig diamagueiic ions. According to this mechanism, the s])in (coupling 
between the paramagnetic ions is ac*,hieved via those perturbations whicli entail 
a spin dependent transition of one of the intervening ion electrons to the lowest 
available empty orbitals for the appropriate unit in the crystal. This treatment 
developed originally for magnetic compounds having rock salt or perovskite 
type structure (I), has been extended to those having zinc blende (Sinha and 
Koide, I960) and spinel (Sinha, 1961) type structures. 

In the present paper, certain additional superexchange effects invoking 
the interplay of the empty orbitals are envisaged. In this scheme the main 
interactionterm arises due to two electron transitions to the lowest excited orbital, 
one each from the twx) paramagnetic ions. It may, however, be remarked that 
w^c do not here consider the suporexchangc effects which involve transitions to 
singly occupied orbitals. Such mechanisms have been discussed by others (Ander- 
son, 1950, 1959; Keffer and Oguchi, 1959; Nosbet, 1958 and 1960), The moti- 

Communication No. 449 from tho National Chemioal Laboratory, Poona. (INDIA) 
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vatioii behind our present series „f papers is t.. assess tlu> various types of 
exchange interactions arising through the role of <Mnp(y excited orl.ilals liiilierlo 
not considered for the niagneti<; S 3 rsteins of interest. 

r O J< M U L , V I 1 (> N () K 'r H E IN 'r H A (' 'r I ox A 1 K (’ H A X I s \r 

As in I, we cojisider a s>>3teni of two magnetic ions witli an intcM veniug non- 
magnetic ion situated eollinearly. Tliis is the usual Ihree ceutiv prohlem re]>r(‘. 
sented by ^ TIP'. Since the superexchangi^ cficvi arising out of the 

spatial and spin corrt^lation h(‘l\\(‘eii the electrons of the; inl(*rv<‘iuug ion has lu'cii 
studied in detail in the ])r(A ious ])a])er (1), n<‘ liiiall consider Inno cN'ctrons of the 
central ion in tbe singh‘( statr and <»ccn})ying the same* orbital f^,(i.e in tin* 

present anal\^sis. The d orbital ^\av(‘ functions ol the two elect n. ns one from 
each magnetic ions are dejioted by //, and a., respect iv(dy. These will 1)(‘ used 
to describe the zeroth order groinid states of the four elect i-on sysicuu hi the a])pro- 
priate ion-core frain- work (.V*' X ~dP*). In tlie present formalism, ojily the 
ex(‘it(‘d states invoi\ ing transit iofis ot tin* cation electrons to (‘mpt\' excited orbitals 
are considered. Foi* the sviiiimdricai unit under consideration, tln^ a])pro])riati‘ 
lowest, orbital lias symmetry and is accordingly repi(‘sent(Ml b^^ </)g (J). 

Including the spin functions with the abov(‘ spatial orbitals, w(‘ can construct, 
the following states wliich ar<‘ the (dgenfunct ions of the S- o]M‘rator for the four 
electron s^^steni : 


Ground 

states : 



Triplet : 


I«i9'Yv'sI 

... (1) 

Singlet : 



... (2) 

Excited states : (Involving single 

electron transition to (fig) 


Triplets 



... 0) 


|Y2> - =- 


... (4) 

Singlets 

1 Yi > ^ 


... (r^) 


1 Ya > = = 

{L0(79^o^o«2|-'10A^o'^^2l} 1 

... (C) 


Excited state involving two electron transitions to 0^: 


Singlet : 


1 1^3 > = 


... (7) 
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(As before, the square bracket notation denotes the Slater determinants multiplied 
by the ap])ropriate normalizing factor; wo indicate the down spin function by 
j)utting a bar over the orbital and up spin function without a bar) 

The Hamiltonian (in atomic units) is taken as (I) 

// = S Hi+ S ^ ... (8) 

i i<j '^ij 

where /// is the one electron operator which contains, in addition to the kinetic 
energy operator, the potential acting on the ?*th electron due to the three nuclei 
and other electrons except the four under consideration. There is no point in 
writing the explicit froms of all the matrix elements of the Hamiltonian within 
the manifold described above. We consider those which are elevant to thi*. 
present discussion. The orbitals <f)g and <f>Q are orthogonal from symmetry consi- 
deration; however, to simplify the calculations the non -orthogonality of others 
will be neglected. The effect of this for and (f>g can be included, if the 

choice of (f)g warrants it. 

In the absence of the feeble direct exchange interaction between the mag- 
netic ions, the diagonal matrix elements of the triplet and singlets ground states 

are degenerate, 


I // 1 Y« > -- < I ^ I (9) 

The excited state of interest to us in the present scheme is 

<Ys|tf IY3> (10) 

Actually, Ave shall need the explicit form of the difference of Eqs. (10) and (9)) 
i.e., 

AE ^ E^-E, 

+[«^(«i^o)+<^(wA)-2J(^,<4o)]4 (11) 

where e(a), K{ab) and J{ab) denote the one electron, coulomb and exchange inte- 
grals respectively. A study of the diagonal terms | H | 1 H | 

etc. and the off diagonal terms <Vol^l Vi> <^^ol^l Vx> reveals that 
interactions involving single cation electron transition for both singlet and triplet 
states have common dominant terms. Such terms would not, therefore, lead to 
any appreciable singlet triplet splitting up to second order of perturbation theory. 
Hence, we do not give any detailed considerations for interaction involving single 
electron transition. 
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The important of diagonal element is thxis : 

<*lAol ^|*V^s> = a/2 ... (12) 

where <ab 1 1 crf> = K(r,)6(r,)l /r„ c*{r^A(r^)dr^dr^. 

This would give rise to a lowering of the singlet ground state only, the depression 
according to second order perturbation being given by ; 


= ... (13) 

For further clarification of the results ohtakied, we shall consider the deriva- 
tion of the exchange interaction term by the Dirac spin operator method as modi- 
fied by Serber (1934). The ground state orbitals for the four clcH^tron systems 
are (u^u^) and (^o^)’ ^1^^ excited states we have and In boih 

the ground and excited states the two electrons occupying are in singlet states 
with S value zero. Lei< the spin operators associated with the two electrons of 

the magnetic ions be and respectively. Then for the ground state the vecdors 

sum is denoted by aS^j4 ^^2 — S. Tn the excited configuration these two occupy 
the same orbital (f>g and hence they must be in the singlet state. Accordingly, 
the effect of the second order perturbation on the zeroth order ground state can 
be expressed by an effective Hamiltonian dc^fined by : 

< S\H,ff\S^> =r^<S\H,,\i)><0\H^\S'>IMi ... (14) 

where AE ib the energy difference between the ground triplet or singlet states 

and the excited states which corresponds to ^Sfg ~ 0. is the spin de])endent. 
Hamiltonian which is of the following form m the present case 

= constant term — \/2 ••• (1^) 

with standing for <n^(l>g \ gi 2 \ '*h^g> Pn Dirac identity P ,2 = (1/2) 
(l+ili . ^). The factor ^/’Z in Eq. (15) is used as the necessary correction 
in going from non equivalent to equivalent {(f>g(^„) orbitals. Tn fact, it has 

been shown by Anderson (1950) that the transition matrix element must be 
multiplied by VS each pair of identical orbitals in either configuration which 
do not also appear in the other configuration. Wo introduce a projection operator 

which annihilates all states with parallel spin for 1 and 2 i.e. — (1/4)(1 

===0 2 
\Jp • 

Thus we can write : 
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]t follows tlion, 

H.ff - ^ (■l«.r\,)\^J)pP^^M^E ... (16) 

ll.siii}' th<“ ])roj)(‘rt.ios of s])in operators, it is a 1 rival matter to prove that 
^ Oj, - (l/4)(l ^fS'i • Eq. (16), therefore, reduces to 


TP,f (2<'.7„2)((I/4)(I -4^^ • .^)]/A^? ... (17) 

It can be easily sec'ii that the effect of this operator for the tri])let state (where 
1/4) is identically zero. However, it rodnces tlie energy of the singlet 

stat(‘ • /S'o dl/4) ])y 

SE {2^J^.^)IAE ... (18) 

whi(*Ii is the same expression as Eq (El). Thus th<‘ siip(M'(\\(;hango effect due to 
the present scheme always favours the ant iferro-magnetie coupling of the spin 
of magnetic, ions. 

T> T S S 8 I () N .AND F. 8 T I iM A T .F S 

T]i this sect ion, t he relationship of t he scheme (‘uvisaged h(‘re with the lu’evious 
mechanism (I) will f )0 discussed. We shall also consider certain semi-(|uantitativo 
features based on an identification of the orbit ii,' 

For a straightforward couqjarison, it is bettc?* to write tin* previous I’esult for 
the or])itals considered in this paper i.e. //o' 9^/- ^ treated the 

two anion (‘kcti’ons by the method of semi-localized orbitals). Thus for the sym- 
metrical case < — >// 2 , th(‘ second order ]>erturf)at ion term, which involves a spin 

dependent transitioji of oik' of the anion electrons to 0^,. lmvcs the effective inter- 

actioji terms as 


- (2-iJ%JU-2E, • .%)/AE' (19) 

where <^b 0 f/ 1 . 7 i 2 l energy denominator involved in 

this case (1). Ac('ordiug to this, the stabilization of the singlet state is thrice as 
much as that of the triplet. The total lowering of the singlet state relative to the 
triplet state owing to both the effects is then given by 


2|<»AI.<7i2| 41 <«A|fir,2lM,^«_> P __ ^20) 

AE AE' 


A reasonable estimate of Eq. (18) i.e., the first term of Eq. (20), would of course, 
depend on the choice of (f>g which is in conformity with the physical situation exist- 
ing in magnetic crystals. In I, we have given a quantitative estimate for MnO; 
it is easier for comparison if we choose the same system for the present purpose. 
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However, the choic^e of a on the oxide ion eentre would not be a.pj)roi)riate for 
in that it would involve an excessive accumulation ot charge at the intervening 
ion. Furthermore, its nonorthogonalitv with w, and niay not })e nv^ii^ihW. 
The ij;reatest difficulty lies in having an unambiguous knowledge about the energy 
of this orbital. While the role of this type of empty (u bital may be of sigTiifieance 
in the spin -polarization mechanism involving anion electrons (F), it seems more 
appropriate for the present puri)ose to consider orbitals constituted out of a linear 
eombinatioji of available cation orbitals\ As in T, W(‘ take the (T-type liylwid- 
dised orbitals from each cation namely yj and ^' 2 * ])resent mechanism, 

the importance of the ground state anion odd orbital (f)^ enters in vii tue of its mixing 
with the odd combination — X 2 pushing its energy further u]). Here again, 

the appropriate lowest orbital available to us i$ tln^ even orbital. 

0/ (A'l I~A\»)/\/3 (21) 

Fourtunately, the estimate in the previous paper is also based on th(‘ above 
orbital. Tn the following, we make a rough estimate with the same choice of (pg. 
Neglecting the overlaj) of functions, when their suffixes are diierent, and using 
j*eal function, ue have 

■> ^ I ^^i(l)X,(l)|rb,p/o(2)X2(2) (22) 

Following the method described in the Ap])endix of 1, we re])la(*e tlu‘ factors 
and by two uniformly charged spheres of radius 1 a.u. ea<!h with density 

(fhiPxY^ situated at the appropidate distances deduced from th(‘ obsc^rved inter 
atomic distance. This method of calculation yi(‘lfls - | r/ia | ^ 

O.OOd a.u. Although this approximation is likely to underestimate the integral, 
it furnishes a rough guidance. We shall, however ])lace reliance in the value b.OI 
a.u. i.e. around 0.25 eV with confidcmce. This is of the same order of magnitude* 
as the integral < 1 j 7 i 2 occurring in the numerator of the second term 

of Eq. (20). 

The relevemt energy denoininator A^, expressed in terms ofr//^, ^ {Xi+A' 2 )IV^ 
to orders of coulomb integral, is 

A^ — {[^^(yi)— ^'(?^i)]+k'(A' 2 ) -e(w 2 )-i-|AA 7 Xiyi) 14^7x1^2)- 

H 2[AXy,^o)-A>,^^o)]-^2rA'(xA) -K(yM]} (23) 

Making use of the integrals evaluated in the iwcvious papers (1; and Suiha and 
Koide, 1960), the following order of magnitude assessment is possible. 

The main difficulty remains about the assessment of one electron terms such as 
If, however, it is taken that the 3d shell for the magnetic atoms in 
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crystals is extended upto 4s and 4p orbitals when hybrid orbitals are formed 
(Goodenough 1965), then the difference between e(yi) and e{u^) etc. will be ex- 
tromely small. On the basis of this, one would arrive at a lower limit of at 
about 0.5 to 0.6 a.u. (i.e. around 15 eV). In case it is underestimated, we shall 
take an upper limit, by including the energy difference between the configurations 
d^S(^D) and d^(^S), From the calculations of Tanabe and Sugano (1954), for 
3d electrons in complexes, this is ascertained to be about 12 eV. i.e. around 0,6 
a.u. We shall therefore choose a range for A E from 0.6 a.u. to 2 a.u. 

The denominator A-S' for the spin-polarisation effect i.e. second term of Eq. 
(20) was estimated to be of the order of 1 a.u. (See I). It is thus concluded that 
the term due to the present mechanism i.e. 2| | */AjS^ is at best 

(with AIS? ~ 0.5 a.u.) of the same order of magnitude and at worst (with AJ? 2.0 
a.u.) 25% of the term due to the previous mechanism 4 < Uy(l)g | | u^(}>q> | ^I^E\ 

In either limit, it leads to an appreciable contribution towards antiferromagnetic 
superexchange interaction. In fact, both the mechanisms, the previous (T) and 
the present, favour anti-ferro-magnetic coupling reinforcing each other effectively. 
The role of the empty orbital such as involves juxtaposition of the interactions 
effect owing to the delocalization of the two magnetic ion electrons and their 
spread in this orbital, as well as the correlation effects wherein an anion electron 
makes a spin depeirdent transition to (pg. One can describe the physical situation 
further by stating that the interactions are such that the cation electrons have some 
probability in the vicinity of the anion and the anion electrons at the cation centres 
through the empty orbitals. 

The importance of superexchange effects involving singly occupied orbitals 
such as Ui and u,^ is, of course, also admitted. The (jontributions due to the cor- 
relation effects arising out of the transitions of the two anion electrons to Ui and 
U 2 (Nesbet 1958, 1960) and the delocalisation effect involving virtual migration of 
an electron from one magnetic ion to another (Anderson, 1959), seems to be, at. 
best, of the same order of magnitude as the terms in Eq. (20). 

Since all mechnisms are acting in the same direction, the actual transition 
temperatures observed in such antiferro-magnetic systems are related to the sum 
of these interactions i.e. arising through singly occupied as well as empty orbitals. 
An attempt to derive the integrals so as to fit with the transition tempera- 
ture as done by some authors amounts to overemphasising their mechanism. 

We, therefore, conclude with the remark that the role of empty orbitals is 
of considerable importance in superexchange interaction effects and proper 
cognisance ought to be taken for these while studying the spin coupling in such 
magnetic systems. 
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APPLICATION OF THE UREY-BRADLEY AND THE 
ORBITAL VALENCY FORCE FIELDS TO SOME 
TETRAHEDRAL IONS 


T. A. HARIHARAN 

Department of Physhs, Beoion \l -J^no inker incj Collkok, 

Sll H ATll N AL , M YSOKE ^TATE 
(livvciml June .‘IB, 1061) 

ABSTRACT. In the' chro of tUo tetrahodml loils rrO.|“, InPi'i” hucI 

TlBr.r tho force eonstauis ha\e been calculated iiaiilg the Urey-Bradloy ty])e of potential 
f'uuciion and th(> orbital valency ft)r<*e tic'ld. The appropiiato ])otential limction for each 
case is discussed. 


INTRODUCTION 

Among ihe various tj-pes of potential funelions used for studying the pro- 
blem of molecular vibrations the valence force function is more exkmsively 
adopted than the others. Instead of a simple valence force function contammg 
only quadratic! terms, the one which takes into account the various interaction 
terms is found to be more satisfactory. However, a proper choice of these inter- 
action terms or their adequate physical interpretation is not quite simple. A 
modification of the valence force function has been brought about by Urey and 
Bradley (1931) by introducing repulsion kirms between non-bonded atoms of the 
type ajE- where Vt’ and arc constants and B the distance between the atoms. 
A systematic investigation by Heath and Liimet (1948) on a number <.f tetrahedral 
halides of the group IV elements revealed that in a majority ol cases n comes 
out to be nearly 4..5. This value was not acceptable for two reasons : (a) for the 
value n = 4.5 the stretching of the bonds would be more than what has been 
actually observed, (b) the Lennard-Jones (1924) relation V - alB}^- for the 
inert gas atoms are more reasonable bc-ausc the bo.uled halogen atoms resemble 
electronically the inert gas atoms. According to the Lennard-Jones function, 
n can be taken as 12 after neglecting tlic second term which corresponds to attrac- 
tion and is small compared to the first term. The potential function consists of 
four constants, namely, the stretching constant K„ the bendmg constant A., 
/ ,dW\ ,5/ _ 1 dV \ F is the function mentioned above. 

BdRl , 

The retation betw»n A md m >»“■»<« ”• 


i.o., A : BIB = n+l : 2. 

Another modification of the simple valence 
the orbital valence force field first introduced by 


force field is what is known as 
Heath and Linnet (1948). The 
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ma^n feature of this function is that it makes use of the same constant for both 
the in plane and out of plane vibrations in the case of planar molecules and it 
differs from the simple valency force field only in its treatment of angular vibra- 
tions. According to Pauling’s (1931) idea of directed valency the orbitals of an 
atom are set at definite angles to each other and the most stable bond between 
two atoms, say P and Q, is formed when one of the bond forming orbital of P 
overlaps to a maximum extent the bond forming orbitals of Q, Whenever 
there is a displacement from the maximum overlap during molecular vibrations 
restoring forces will be called into play and these can be assumed to be propor- 
tional to the displacements (which are of course small) if the vibrations are 
simple harmonic. 

There are two ways by which the overlap of the bond forming orbitals can 
be increased during the vibrations. In the case of tetrahedral molecules or ions 
with which we are concerned here the orbitals of the central atom might be rotated 
as a whole in such a way as to improve the overlap. On the other hand, the orbi- 
tals of the central atom might change their hybridisation ratios by changing 
the angles at which they are set with each other so as to follow the movements 
of the outer atoms. This idea has been called orbital following. 

The orbital valency force field without taking into account the idea of orbital 
following also consists of four constants (instead of as in the simple 

valency force field), A and .P/jB. Heath and Linnet (1948) have observed that 
for the ions C104~, SO4”", Se04“ and P04'^ the orbital valency force field is quite 
satisfactory. Such a force field is assumed in the present investigation to 
evaluate the force constants of the ions Cr04*=^, M0O4”, GaBr4“, lnBr4* and 
TlBr4 . 

THE POTENTIAL ENERGY FUNCTION 

The potential energy function for tetrahedral molecules X F4 can be written 
in the form 


U = £/(r,)+S Wi)+£ ... (1) 

i <,j 

the first term arising due to change in the X—Yi distance (r,), the second term 
due to changes in the Yi— Yj distance (Btj), and the last term duo to changes in 
the angles YiXYj((Xtj). For small values of these variations the functions /(ft) 
and F(Jiij) can be expanded in powers of n and Pij which denote the changes in 
fi and JSij from their equilibrium values r,° and Retaining powers only up 

to the second we have 

= S/(r,0)+S/'(ri0)Ari+2:ir{n0)Ari2 
i i i 

+S ^’(f?Og)+S ... (2) 

taking into, qonfiwLeralaon the above typo oi potential functioa the equatiosis for 
the frequencies can be written as 



496 


AppUcaiion of the Vrey-Bradley, etc. 


I For the simple valency force field : 

Typo Aj = ... (3) 

Type Tg 

A2+A3 = -^1 + 1 A—l ^ j +(/^i/+B/^a:)^ 2A% + jA+-ff j 

Type JS. A 4 = //„ ^ 3/ir„+2^4-^j ••• 

II For orbital valency force field : 

Type Aj Aj — iiy(Ki’i‘SA) ••• 

Type T3 

A2 + A3 = (/^y + ^/^*) ( + ^ ) 


+(/<»+b/‘x) ( A''«+J4+-V-^ ) 

( AV+M+-V"-|) 


... ( 8 ) 


... ( 0 ) 


Type E 


A4 = /i,(J?’<t'+24+^ j 


... ( 10 ) 


/j,g and /ly denote the 
and Ai = 47r* c*vi*. 
assumed as F = ujE 


reciprocal of the masses of the atoms 
If the interaction function between 


X and r respectively 
non-bonded-atoms is 


B __ m 

■50 - (5»)»+* 


^1 

ana a — 2(5^)**^* 


then 
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A _ w. I 1 
(B]R*^)~ ~2~ 

EVALUATION OF THE CONSTANTS 

The values of imd KJ can be obtained in terms of A from the equation for 
the doubly degenerate frequency A4. These can be then stustituted in the first 
equation for the triply degenerate vibrations which will give an equation in 
and A which can be solved simultaneously with the equation for the totally 
symmetric class A^, By substituting the values of the force constants in the second 
equation for calculated and observed values of AgAg can be compared. 

RESULTS 

The fundamental frequencies of the ions are taken from the published results 
on their Banian spectra and they are given in Table I. In Table II to V the 
values of the force (ionstants for the six ions liave been given while Table VI 
contains the observed and calculated values of AgAg. All the force constants are 
given in 10^ dynes/cm. 


4 U 6 

80 that 


TABLE T 


Frccpioncies in cm”^ 


Ion 

rj(Ai) 

J'2(T2) 

-'.•.(T2) 

>' 4 (E) 

Reference 

CrO“*4 

858 

010 

875 

485 

LaiKlell- 
Boinsti' iris's 

MuO"4 

im 

365 

895 

220 

T.iI)1ob, 1053 

GaBi— 4 

210 

102 

278 

71 

Woodward and 
Nord, ( ] 955) 

InBr"4 

197 

79 

239 

55 

W oodward and 
Bill, (1955) 

TlBr-4 

190 

64 

209 

51 

Rolfo, Sheppard 
anrl Woodward 






(1964) 



TABLE II 





S.V.F.F. 

. n - 4.5 



Ion 

Ki 


A 

B/R 

K„ 

CrO -4 

4.209 


0.3410 

0.1242 

0.4703 

MoO-4 

5.503 


0.353« 

0,1286 

0.0634 

GaB-4 

1.269 


0.101 

0.0367 

-0.0004 

InBr-4 

1.307 


0.0654 

0.0237 

-0.004 

TlBr-4 

1.26 


0.055 

0.02 

-0.0024 
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TABLE III 


S.V.F.F. u = 12 

Ion 

K, 

A 

B/H 

K„ 

OrOr 

4.466 

0.3095 

0.0470 

0.517 

0 

0 

5 . 73 

0.3252 

0.05 

O.lOSf) 

GaBr4“ 

1.054 

0.127$ 

0.0197 

-0.0 126 


1.365 

0.05$ 

0.009 

0.0058 

TlBr4“ 

1.303 

0.0496 

0.0076 

0.0053 


TABLE IV 

O.V.F.F. n 4.5 


loi. 

Ki 

A 

B B 

K„' 

Cr04“ 

3 . 50 

0.43 

0.1.564 

1 .201 

MoO^- 

5.408 

0.3654 

0.1328 

0.1623 

C3rHBr"4 

1 .269 

O.IOOO 

0 . 0367 

-0.0011 

TnBr*4 

1 .313 

0.0646 

0.0235 

-0.012 

TlBr“^ 

3 .263 

0.0646 

0.0198 

-0.0063 



TABLE V 





O.V.F.F. 11 =r 1 2. 



Ton 

Ki 

A 

B/R 

K„' 

0r04” 

3.74J 

0.^ 

0.0615 

1.3668 

MnO.!™ 

5.581 

0.3438 

0.0529 

0.2856 

GaBr4“ 

1 .345 

0.0915 

0.014 

0.0404 

IdBr4- 

1 .367 

0.059 

0.009 

0.0153 

TlBr4“ 

1.296 

0.0504 

0,0078 

0.0139 


TABLE VT 


V 


“ •’* f^aloulatod 

S.V.F.F. O.V.F.F. 


Ion 

oh.qorved 

CrO“4 

7.936 X 1010 

MoO-4 

5.692 X 10»o 

GaBr-4 

3.195 X 109 

InBr'‘4 

2.086 X 109 

TlBr-4 

1.645 X 109 


n ~ 4.r> n = 12 

8.691 X lOto 8.105 X lOm 
6.140 X 10*» 5.037 X lOio 

3.573 X lOo 2.391 X lOO 
2.1948 X lOtt 3 .693 x 10» 
1.792 X 10» 1.379 X lOo 


n 4.5 r - 12 

9.754 X 1010 9.41 X 1010 

6.461 X 1010 5.557 x 30io 

3.755 X 109 3.033 x lOo 

2.117 X 109 1 .763 X 109 

3.761 X 109 1.444 X 109 
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It can be seen from Table VI that in the case of MoO* GaBr 4 and TlBr 4 the 
orbital valency force field field with w = 12 is more satisfactory than the others 

while for InBr 4 the same field with n = 4.5 instead of 12 suits better. For the 

chromate ion the simple valency force field with n = 12 yields better results than 
the others. This simple valency force field with n = 4.5 is least satisfactory for 
all the ions. In the case of the ions C 10 “ 4 , SO “ 4 , SeO^i and P 04 ^ , Heath and 
Linnet (1948) have observed that the orbital valency force field holds better. 
The difference between observed and calculated values of AgAj can be further 
reduced by in- troducing modifications such as orbital following. 
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X-RAY STUDY OF A DEHYDRATED PHASE OF 
COPPER AMMONIUM SULPHATE 
HEXAHYDRATE 

GOURT BHOWMJK 

Magnetism Bepautment, I.4*C.S., (\\l( ijtta-32 
(Ucceived Ju7ic 0 , 1961 ) 

Plate X 

ABSTRACT. Tho colI-flimPTiHioiiK of (^n 61ljt() (inuuoi'linic*, H|>aco-^po\i]) 

V2ila) as detorminod from rotation photojjrraph are found to b(» a « 9.271,6 12.r>oA, 

V — 6.33I =~ 106°5', with 2 moloculeK ])or unit. Tlu* roMults have* boon utiliHod to 

index the iiowdtM* j>attern of tie substance'. Analysis of the powder pattcTii by Lij son h method 
of the first stage dehydration product, (^u|NH4(S04)j2 fojmed at 65‘ T shows that the 

product has orthorhombic structure, the cell dimeuKions being a ^ 14.841, 6 12.521 

c 10.69A. The probables Hjiacc groups are Pinii 2i and Pmnm with 8 nio|(»ciilcK per unit 
cell. 


I NT KODIMITI ON 

Magnetic measurements of the single crystals of a large number of Tuttou 
salts (general formula M(R X ¥4)2 GHgO where M — Mg, Zu, CrI, Cu, Ni, Co, 
Fe, ete. R = K, Rb, Cs, NH4, XY4 - SO4, i^eO^ or BeF4) showed (Bose H al. 
1957 and 5S) that they Jose their magnetic anisotropies in the range 338"- 393'’X 
the exact temperature depending upon the particular salt. This is evidently 
due to changes in crystal structure accompanying loss of water of crystallisation 
which causes the single crystals to become polycrystalline. Since tlie crystalline 
magnetic properties are intimately connected with the structure it would be 
interesting to study these changes in structure in order to elucidate the changes 
in the magnetic properties. As a typical case, the thermal dehydration of 
Cu[(NH 4)S04]26H20 was undertaken and the corresponding changes in crystal 
structure investigated. 

2. X-RAY MEASUREMENTS ON Cu (NH 4 S 04 ) 26 H 20 

X-ray data on single crystls of Cu f(NH4)S04l2 BH^O is lacking, though one 
of the isomorphous salts Mg[(NH4)S04]26H20 has been studied using trial and error 
method by Hofmann (1931). By analogy with the latter it follows that Cu[(NH4) 
S04]2 6H2O is also monoclinic having 2 molecules in the unit cell and belongs to 

m 
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the space-group P2i/a. We have determined the dimensions of the unit cell from 
rotation photographs about the three crystallographic axes. They are 

9-27A 
6 = 12-501 
c= 6-331 
/? == 106°5'. 

The monoclinic angle /i is found from the zero layer-line of the rotation 
photograph about t-axis. 

A powder diffraction pattern has also been taken at room-temperature and 
the spacings indexed with the help of the above values of cell dimensions. 


TABLE 1 


dA 

Intoiisity 

1 /<l52 ohaerv^c d 

1 /d- calculated 

Indices 

7.jy3 

vw 

0.0193 

0.0190 

liO 

6.105 

ins 

0.0268 

0.0270 

00 J 

5.456 

ms 

0.0336 

0.0334 

Oil 

5.129 

w 

0.0380 

0.0384 

120 

4.418 

w 

0.0502 

9.0504 

200 

4.188 

vs 

0.0570 

0.0568 

210 

3.759 

va 

0.0708 

0.0702 

130 

3.620 

w 

0.0763 

0.0768 

220 

3.386 

ms 

0.0872 

0.0870 

13T 

3.061 

a 

0.1067 

0.1066 

112 

2.486 

s 

0.1236 

0.1239 

212 

2.715 

w 

0.1357 

0.1363 

321 

2.556 

m 

0.1531 

0.1528 

240 

2.441 

a 

0.1678 

0.1673 

331 

2.229 

ms 

0.2013 

0.2017 

400 

2.176 

w 

0.2112 

0.2104 

0421 




0.2104 

250J 

2.144 

w 

0.2175 

0.2170 

26T 

2.097 

ms 

0.2274 

0.2273 

420 

2.031 

w 

0.2424 

0.2431 

003 

1.963 

w 

0.2595 

0.2593 

430 

1.922 

ms 

0.2707 

0.2712 

313 

1.858 

vr 

0.2897 

0.2897 

2331 




0.2893 

312j 

1.816 

w 

0.3032 

0.3040 

440 

1.768 

w 

0.3200 

0.3206 

510 

1 , 736 

w 

0.3318 

0.3312 

351 

1.701 


0.3456 

0.3454 

043 


pH' )WM1K 
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PLATE X 



Fig. I . Debye-Scherrer patterns 


(a) Copper ammonium sulphate hexahydrate Cu [ (NH4 ) SO4 ] 2 6H2O 

(b) Copper ammonium sulphate dihydrate Cu [ (NH4 ) SO4 12 2H2O 
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X Ray Stvdy of a Dehydrated Phase, etc. 

The conditions of reflection satisfied are : 
hkl \ no condition 
hoi : h = 2 n. 


There is no powder-line with OkO reflection. But rotation photographs show that 
for OkO, k =^ 2 n spots are-present; Hence thespace-group ii^P ija which supports 
the earlier assumptions. 


STUDIES ON THE DEHYpRATION PRODUCT 

Next powdered sample of Cu[(NH4)S04|j||6Hj0 of weighed quantity is heated 
automatically controlled thermostatic oveji terd the loss of weight at different 
temperatures is determined. At 338 °K it shows an abrupt loss of weight which 
corresponds to 4 molecules of water. Wheh the temperature is brought down 
the sample soon regains its original weight. It indicates that Cu[(NH4)S04]j6H20 
undergoes a reversible transformation to a dihydrate at 65 °C. This is also evident 
from the X-ray powder pictures. 

It is interesting to study the structure of the dehydrated product. Since 
the dehydrated powder absorbs moisture rather cjuickly, instead of packing the 
dehydrated powder in capillary tubes in the usual way, the capillary tube is first 
packed with finely powdered Cu[{NH4)S04]26H20, now the fine tube packed 
and open at both ends is heated in the oven at a constant temperature somewhat 
above 65 °C for 24 hours when it attains constant weight. 

The capillary tube is now quickly sealed at both ends so that the treated 
sample does not come in contact with moisture from the atmsophere. The 
sample is mounted in a camera of 67.3 mm radius and X-ray powder photograph 
is taken with CuK. radiation from a Raymax 60 Diffraction unit runnmg at 
50 KV and 10 mA. The powder pattern thus obtained is entirely different from 
that for CuL(NH 4)S04]26H20. Besides, the spacings measured for 
line has no spacing common with the known spacings of either of (NH4)b04 or 
CUSO4 (anhydrous) or CUSO4H3O. This shows that the dehydrated product 
is a new double salt having a unique crystal structure. If the dehydrated pow er 
is cooled to room-temperature in contact with atmosphere and photo^aph taken, 
the origual powder pattern of Cu[(NH4)S0.]26H30 is obtained. The powder 
photograph is the only source of information regarding the structure of the new 
Lipound since, in spite of many attempts the substance coidd not be obtem^ 
as single crystals from aqueous medium. Hence attempt has been m^e to 
index the powder-photo^aph taking the substance to have the molecular 

iTormula du[(NH4)S04]22H20. 

Itot mde to th. powd» Une. to to™. «f 

goottl «;d hozj:™! .P.tom. Sto» d.to do not dt ^ ^ 

bp™,’, method (lipKto, t™. -TO" »« find d a. ory«.l bekmg. to the 

2 
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orthorhombic system. For orthorhombic system, sin*^ values obtained from 
each pair of Debye-Scherrer ring can be written as 

sin* **+ 


= ^A*+5ifc*+Ci* where A = 


4a* 




A* 

46* 


C = 


A* 

*Ic* 


TABLE ir 


dA 

Intensity 

sin!^ 6 observed 

sin 2 Q raloulated 

Indices 

12.199 

w 

0.0039 

0.0038 

010 

8.023 

8 

0.0092 

0.0090 

Oil 

6.193 

8 

0.0166 

0.0152 

020 

6.771 

W 

0.0178 

0.0179 

120 

5.345 

8 

0.0209 

0.0208 

002 

4.661 

W 

0.0287 

0.0282 

310 

4.331 

\'S 

0.0317 

0.0312 

221 

4.312 

vs 

0.0319 

0.0316 

202 

3.952 

ms 

0.0381 

0.0387 

122 

3.786 

niH 

0.0416 

0.0421 

131 

3.642 

w 

0.0448 

0.0447 

321 

3.508 

w 

0.0483 

0.0484 

401 




0.0488 

312 

3.304 

vw 

0.0625 

0.0622 

411 

3.268 

vs 

0.0567 

0.0550 

032 

3.226 

vs 

0.0571 

0.0577 

132 

3.150 

m 

0.0690 

0.0603 

311 

3.064 

vs 

0.0631 

0.0636 

140 

8.033 

vs 

0.0646 

0,0640 

402 




0.0647 

132 

2.960 

w 

0.0679 

0.0678 

412 

2.885 

w 

0.0714 

0.0713 

510 

2.447 

mH 

0.0788 

0.0792 

422 




0.0793 

332 

2.667 

ms 

0.0842 

0.0843 

142 

2.514 

w 

0.0904 

0.0898 

114 

2.495 

w 

0.0966 

0.0960 

060 

2.450 

8 

0.0990 

0.0984 

024 

2.298 

w 

0,1126 

0.1124 

610 

2.139 

8 

0.1299 

0.1302 

414 

2.081 

8 

0.1373 

0.1368 

060 




0.1365 

116 

1.983 


0.1611 

0.1608 

443 

1.922 


0.1609 

0.1611 

360 

1,762 

ms 

0.1915 

0.1010 

016 

1.730 

ms 

0.1986 

0.1983 

741 

1.521 

w 

0.2671 

0.2575 

107 

1.497 

w 

0.2653 

0.2661 

716 


The values of sin* 0**/ known as g-values observed from the pattern are listed in 
Table II. With the above values of sin*0, the difference diagram is drawn 
according to Lipson’s method. The diagram shows frequently-occurring values 
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from which the values of the constants A, B, C are determined in the following 
way. 

If we choose the first three values of Ay from the Lipson’s chart i.e., 0.0028, 
0.0038, 0.0052, we find that (1) the 4 fold and 9 fold multiples of A i.e., .0110, 
.0260 are pre8ent,{2) the 4 fold, 9 fold, 16 fold multiples of B i.e., 0.0152, 0.0340, 
0.061 are frequently occurring, (3) the 9 fold, 16 fold and 25 fold multiples of 
G i.e., 0.046, 0.083 and 0.1300 are also present in the chart. 

There are no other value of Ag in the Lipion’s chart which has so many multi- 
ples present. So these are the most probably values of constants A, B,C. With 
these values ot A, B,C all the values of air^hki Table 11 can be successfully 
indexed. For better adjustment A is taken ^ 0.0027 and the agreement between 
the observed and calculated values is highl^ satisfactory, the discrepency lying 
within experimental errors. So it is concluded that the crystal belongs to the 
orhorhombic system, with the dimensions of the unit cell as calculated from 
A, B, a 

a = 14.84A 
b = 12.621 
c = 10.691. 

Measurement of the density of the dihydrate is very difficult since it always 
tends to be converted into the hoxahydrate when exposed to atmosphere. The 
hexahydrato powder is taken in a specially designed pyknometer and treated in 
the furnace at 70°C for about 24 hours so that the dihydrate is obtained. The 
pyknometer is cooled in a dessicator ami weighed. Since the substance is highly 
soluble in water its density is measured with respect to paraffin oil of known 
density. Repeated measurements show that the density ot the dfiiydrate is 

2.04 gm/c.e. 

With this value of density and the dimensions of the unit cell given above, 
the number of molecules per unit comes out as 7.r>()=:8. The agreement is satis- 
factory in view of the fact that due to the extreme instability of the dihydrate, 
at room temperature, sufficient accuracy camrot be obtained in the determina- 
tion of the density. This integral value also supports the choice of the umt cell 
of the crystal. 

The conditions limiting possible reflections indicated by Table II are 

hko : no condition 
okl : no condition 
hoi : h+l = 2n 
hko : no condition 
hoo : h = 2n. 
oko : no condition 
ool : I = 2n, 
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The conditions agree with both the space groups Pm»22 and P«,»w Since 
tho substance has not yet been obtained in the single crystal form it is not possible 
to ascertain tlio space-group uniquely from single crystal photograph. 

4. DISCUSSIONS 

It is interesting to note that the orientation of tho crystalline principal magne- 
tic axes in the (010) piano of the crystal of Cu[(NH4S04)]26H20 changes by about 
19° in the range 90®K to 338”K slowly at first and then rapidly as the transition 
temperature of 338°K is approached. Correspondingly tho relative orientation 
between the approximate tetragonal axes of tho two equivalent Cu^^GHgO octa- 
hedra equally inclined to the fe-axis of the unit cell, change by about 10"^ (Bose 
et aly 1957). This indicates that oven before the transition temperature is reached 
a rapid rearrangement of the constituents of the unit cell is taking place, owing 
to increased thermal motions, tending to make the four water molecules of co- 
ordination redundant for the stable equilibrium of ihe lattice at the transtion 
point, which becomes apparent by the fact that as soon as this temperatute is 
reached these water molecules are thrown out of tho lattice and the constituents 
of the unit cell assume the new symmetry of the orthorhmbic class for the dihy- 
dra f.o. Tho manner of reorientation by rotation of the Cu^+GHjjO groups about 
tho 6-axis previous to transition and tho X-ray finding that the 6-axial lengths 
of the hexahydrate and dihydrate are equal seem to indicate that there is a cor- 
respondance between the 6-axes of tho monoelinic and tho orthorhombic varieties. 
Also the transition from monoclinism to orthorhombicity is attained at tho transi- 
tion temperature by a continuous approach of the a and c axes of the monoelinic 
cell towards orthogonality. 

More X-ray data on the structure of the salt before and after transition would 
verify the predictions and attempts are being made to obtain these. 
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ABSTRACT. The orientation« of rrystallites ii| meata fibrea raw, delii?iufied and 
treated with different eoucontrations of caustie aoda have boon studied. The Hormnns' 
orientation faetor, the avor«j?o angle of orient ation and (mgle for 40% intensity for fivc^ sainpU's 
have been determined from intensity distribution curves of th(> erjuatorial ares in the 
X-ray diffraction photographs. It has been observed ihat for inesta, the average angle of 
orientation varies from 1 T to U"' and Hermans* orientation factor varies from 0.91 to 0.94. 

INTliOBUOTIOX 

Mesta, a substitute fibre for jute, has its crystalline structure similar to that 
of jute. It has been established that in jute fibres, the crystallites have their 
7)’ axis nearly parallel to the fibre axis making a small angle. The other axes of 
the crystallites are randomly oriented. Tlie average angle of orientation is 
generally measured from the distribution of intensity along the arcs into which 
the diffraction spots are drawn. These have been measured for cotton, jute, 
ramie etc. The relation between orientation and physical properties for cotton 
has been studied by many workers. Sen and Wood (1949) studied the orientations 
for jute and ramie. They compared Hermans’ orientation factor and half maxi- 
mum intensity angle for jute and ramie. Tliey also observed a difference in 
orientation factors for different varieties of jute. 

The present work w^as undertaken in order to study the orientation factor 
for mesta fibre and compare it with established values of cotton, juto and ramie, 
and also to investigate the variation in orientations in the raw and delignified 
fibres and fibres treated with different strengths of caustic soda. The Hermans’ 
orientation factor, the average orientation angle and angle for 40% intensities 
were determined. 


PBOCEDURB 

Samples of alkali treated fibres w-ero prepared by treating raw mesta fibre 
with different strengths of NaOH solution. Delignified samples were prepared 
in the usual way by the ‘Textone’ process. X-ray diffraction photographs were 
taken for all samples with CuK^ radiation (nickel filtered) from a Hadding type 

♦H’ow at Defence Metallurgical JRosearch Laboratory, Ishapore, West Bengal. 

605 



606 


Subhrendu Kar and R. K. Basu 


X-ray tube. The camera usecj was a flat casette plate camera. Photographs of 
moderate intensity suitable for microphotometer work were taken. 

Following Hermans aZ. (1939) a series of microphotometer curves of (002) 
and composite (101) and (lOT) interferences were recorded starting from the equa- 
torial lines of the diffraction photographs and proceeding in radial lines at angular 
intervals of 2°30'. Densities of the photometer curves were converted into inten- 
sities from a density— -log intensity curve, drawn experimentally by comparison 
with the (iurve of a standard calibration strip having intensities at various points 
proportional to the distance from zero intensity point. From these, curves were 
drawn for intensities against angular distances with equatorial lines for the (002) 



FKi.l HQ.n. FIG. HI. FIG.IY. 

reflections. The curves are shown in Figs. I-IV. These intensity distribution 
curves represent the statistical distribution of the paratropic pianos of the crys- 
tallites of the fibres. Intensity may be designated by / = F(cc) where a is the 
angular distance from the equator. According to Hermans the average angle 
of orientation is given by 

sin* = sin*a sin* 


sin*ai == 


J/^*/ cos 


and 


sm^ag 


_ Jo"'/*F(a 2 ) sin* cos 


COB ag eZctg 

and the Hermans’ orientation factor 

= 1 — ^ sin* 


In the case of raw fibres, it has been found that F{a^) =» F{a^ ; hence only 
jP(a) for (002) is shown in the curves. (Only for the case of fibres treated with 
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17.5% NaOH both the (002) and (101) (Fig. 5)reflectionB were taken mto consi- 
deration for calculating a„ and /,). Empirical intensity curves were drawn 



Fig. V. Anglo from equatorial lino. 

by plotting the values of I sin^ a cos a and I cos a against angular distances and 
the usual method of graphical integration of both curves were done. The ratio 
of integrals were then found out. From these, sin‘'®a,^, were determined and from 
them and fx were evaluated. Values of angles at 40% intensity were also 
determined from the intensity distribution curves. 

RESULTS AND DISCUSSION 

In Table 1 are given the values of fxy and angle at 40% intensity in the 
intensity distribution (curves for (002) reflections. The results obtained show 
that the average angle of orientation a,„ and fx do not change substantially till 


TABLE 1 

Showing the average angle of orientation, 40% intensity angle and Hermans’ 

orientation factor 


Sample 

Average angle of 
orientation 

40% intensity angle 

Hermans’ orientation 
factor 

Raw mesta 

11. (r 

11.0° 

0.940 

Delignified mosta 

11.6° 

11.0° 

0.940 

Raw mesta treated 
with 5% NaOH 

10.5" 

10 . 8" 

0.950 

Raw mesta treated 
with 9.3% NaOH 

12" 

11.0° 

0.935 

Raw mesta treated 
with 17.6% NaOH 

14.86° (002) 
14.14° (101) 

16.0° (002) 
14.0° (101) 

0.900] 

0.910] 0.005 
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treatment with 9.3% NaOH, but for samples treated with 17.6% NaOH, the 
values obtained differ considerably from the former ones. 

The average angle of orientation and orientation factor for raw mesta 
are found to be a„ = 1 1.60 and = 0.94, whereas the average angle for jute fibres 
varies from 8° to 9° approximately and /* varies from 0.96 to 0.97 as determined 
by Sen and Chowdhury (1957). In the case of ramie these are given by 7®36' 
and 0.973 (Hermans). 
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ABSTRACT. Tho diolof'trif* ])po|>oriioK of roian-miiloH* iiijliy<ln(io rosju luivo 
moasured ov(r* the tem])endure noi^e of 25 X' to 170"C and the fr(‘(ju<*ney rniiyo oF 1 Ke/s to 
500 Ke/s. Within thi-s ranj^e of teinperat in*<' and fre(|ttouey it* belia.\'(‘s as a polar rosin in the 
anomalous (iisp(’'rsion ranpo. Its dieloj'tric eonstaut va' t'eni]>oratiire curve shows howovt'r 
a, ]>eculiar l>ohiviour at hi^h tomjR'rat ures. At about 150*^0 di(*l(M*tric <‘oiisiJinl values attain 
a. maximuin after gradually rising with toniy/eratiire in thfi uoriiial way of yiolai- resins. Ihit 
above this tomporature a sudden, and steep rise in the jKU*inittivity is ol).served. An att<»in])t 
Jias boon made to explain this yieeuliarity on tlio liasis of its ostiinated rotor dimension and 
infrared absorption spectrogram. 


INTBODUCTION 

Rosin plays an important part in tbo production of sev oral somi -synthetic 
resins. It is widely used tts a modifier in the production of so-callod modified 
synthetic resins, such as rosin modified phenol formaldehyde rosins or alkyds. 
Another typo of synthetic resin derived from rosin is Ihe rosin-maleic anhydiide 
adduct formed by the metliod of Diels-Al<ier reaction known as the “‘diene syn- 
thesis”. Tliis method of synthesis involves a “diene” system i.e. a system having 
conjugated double bonds roatiling with a <;omponont having an ethylenic linkage 
flanked by carbonyl or carboxyl groups in such a manner that the “diene” system 
opens up and the terminal carbons become affixed at the double bond of the 
ethylenic linkage. 

The chemical structure of rosin or abietic acid shows that it possesses a 
conjugated system of double bonds and eonst^quently it reacts with maleic anhy- 
dride giving an addition compound. In fact, this diene synthesis confirms the 
presence of the conjugated double bonds in the structure of the abietic acid mole- 
cule. It should bo noted that this compound is the partial anhydride of a 
tribasic acid and hencic its acid value must be reduced and this is usually done 
byesterfficationwithanypolyhydric alcohol like glycerol, mannitol, pentaery- 

thritol etc. 

Now X-ray studies on the rosin maleic-anhydride resins and ester gum by 
Beal and co-workers (1932) have revealed that they show precisely the same 
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rings which arc associated with raw rosin. Esterification with glycerol or 
reacting it with maleic anhydride does not change its inherent character. 

Because of the Jarge size of the esterified rosin-maleic anhydride molecule, 
its rotation as a whole, when placed in the rapidly alternating electric field, is 
unlikely. Obviously, if dielectric loss occurs due to orientation it may only be 
due to contributions from side groups attacjhed to the main molecule. Although 
rosin has been found to be present in this resin as a constituent unit, its freedom 
of rotation has boon severely restricted by a jiair of (carbon-carbon bonds with 
the maleic anhydride on the one hand and by its linkage with the pentaerythritol 
molecule through the esterification of its carboxyl group on the other. 

From a previous study of the dielectric properties of rosin it has been observed 
by the authors (Sen and Bhattacharya, 1958b) as well as by Kitchin and Muller 
(1928) that the dimension of its rotating unit is about 4. 6 A which is in close agree- 
ment with the actual dimension of the abietic acid molecule calculated on the 
basis of its accepted chemical structure. This agreement led the authors to the 
obvious conclusion that the rotation of the entire abietic acid molecule w^as res- 
ponsible for its dielectric behaviour. But< a similar study in the ease of ester gum 
(Sen and Bhattacharya, J958a) or copal ester (Sen and Bhattacharya, 1960) 
revealed a different story. In both the cases the diincnsious obtained for the 
rotating units were exactly the same as that of a hydroxyl group. The presence 
of hydroxyl groups in these resiixs was also confirmed from their infra-red absorp- 
tion spectrograms. These evidences tend to suggest that instead of the whole 
molecule the hydroxyl groups in these resins are probably the rotating units. 
Hence it is inferred that when molecules of abietic acid (rosin) or copalic acid 
(copal) combine (c.g., by esterification with glycerol) to form larger molecules, 
their rotation as a whole is restricticd and only the rotation of smaller groups can 
occur in the investigated range of frequency. In this context it is therefore of 
interest to study the dielectric properties of rosin -maleic anhydride adduct in 
relation to those of rosin and obtain the dimension of its rotating units. 

EXPEBIMKNI^AL 

The game experimental procedure as was followx'd in the case of other resins 
and the details of which appeared elsewhere (Sen and Bhattacharya, 1958a, 1958b) 
has been employed. The sample used in this investigation was a pentaerythritol 
ester of the rosin -maleic anhydride adduct manufactured by the Imperial Chemical 
Industries Ltd., London, and sold under the trade name of Bedesol — 74. 

The results of measurements of dielectric constant e\ dielectric loss e*' and 
power factor tan S at different temperatures and frequencies are shown graphically 
in Figs. 1, 2 and 3. Quite contrary to our expectation, these graphs give clear 
evidence of the typical polar nature of this resin. The loss factor- temperature 
and the power factor-temperature curves showm in Figs. 2 and 3, are the usual 
absorption curves of a polar meterial. These curves begin to rise at a compara- 
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TBMP.. "C— *• 

Fig. 3 

But the dielectric constant-temperature graphs show a peculiar behaviour. 
It may be noticed from Fig. 1 that the permittivity for all the frequencies begins 
to rise from about 10()°C in the usual way and attains a maximum at temperatures 
between 130°C to 160°C. Bui. peculiarly enough, after ISO^C it is foimd to make 
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a sudden and steep rise again. Measurements Mere carried out ui^ to 1 70*^0 
only as it was apprehended that the resin might polymerize after tliat teniperatur(\ 
This peculiar behaviour can only be explained on the supposition that at tempera- 
tures higher than 150 C the resin becomes unstable and more and more dipoles 
are somehow set free which now bicrcase the orientation polarization and make 
the permittivity to rise. Hence an estimation of the size of the rot at big unit is 
considered interesting in this case. 



20 30 4-0 50 

f 

Fig. 5 


The radius of the rotating unit M as estimated from the calculated relaxation 
time at the temperature of loss maximum con’csjxmding to a particular frequency 
and the melt viscosity at that temperature. The melt viscosity of this resin at 




Fig. 6 
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(lifforeut temperatures was measured by the same method as reported earlier 
(Sen and Bhattacharya, 1957) and the results are shown in Table T. Fig. 6 shows 
the logarithm of viscosity plotted against the reciprocal of absolute temperature 
and tin? graph is a straight lino. For the sake of comparison the logarithm of 
resistivity is also plotted against the reciprocal of absolute temperature using 
the same scale. The conductivity and resistivity data appear in Table II. Once 
again the sloj)es of both these graphs are found to be the same. Upto the tem- 
perature of 170°C, however, none of these graphs shows any abnormality to indi- 
cate any likely polymerization witliin this temperature region. 


TABLE I 

Viscosity -temperature data 


Temiipmtiirp 

t'T! T°K 

^ X 103 

Viscosity 

V 

in poise 

log V 

130 

403 

2.481 

22,970 

4.3612 

135 

40S 

2.451 

1 1 ,000 

4.0414 

140 

413 

2.421 

4,900 

3.6902 

145 

418 

2 . 392 

2,340 

3.3692 

150 

423 

2.364 

1,200 

3.0792 

1 55 

428 

2.330 

635 

2.8028 

160 

433 

2.309 

355 

2 . 5502 

165 

43 H 

2.283 

210 

2 . 3222 

17(» 

443 

2 . 257 

120 

2.0792 

175 

448 

2 . 232 

60 

1 .7782 


TABLE II 

D.C. conductivity or resistivity -temperature data 


'I'cmporaturo 

— X 103 

Conductivity 

K 

Resistivity 

p 

logP 

t^O 

T°K 

rji A 

in mho cm-i . 

r 

in ohm cm. 


120 

393 

2.645 

0.1042 X 10-13 

9.596 X 

1013 

13.9821 

130 

403 

2.481 

0.5970 X 10-13 

1 .675 X 

1013 

13.2240 

140 

413 

2.421 

0.2936 X 10-12 

3.407 X 

1012 

12.5324 

160 

423 

2.364 

0.1067 X 10-11 

9.369 X 

1011 

11.9717 

160 

433 

2.309 

0.3330 X 10-11 

2.894 X 

1011 

11.4614 

170 

443 

2.267 

0.1036 X 10-10 

9.654 X 

1010 

10.9847 
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The results of ealoulatiou of the radius of the rotating iiuits are shoMU iJi 
Table III. 


TABLE HI 

Calculated j'elaxatinii time and radius of the rotator 


Frequency in kc/*^ 

Loss maximum 
temperatun' 
tin in ' (' 

Rolaxalit^ 

liino r in see. 

\o^Vni tiu 

Jliuliiirt of tho 

rotator in A 

5 

120 

2.80 X 

10-5 

4 . 00 (ovtni- 
polnttMl) 

1 .45 

10 

131 

1 .30 X 

10-5 

4.30 

1 .45 

50 

142 

2.70 X 

10-0 

3.00 

1 .40 

100 

147 

1 .39 X 

1 0-0 

3.27 

1 .51 


From these results "vve find again that the same valiu' ol the dinn'usion of the 
hydroxyl group is obtained here lor the radius ol th(‘ rotator in this resin. 
shouM examine therefore if there is any poaBil>ility for tliis resin of containing 
hydroxyl grou])s as prol)al)le rotating units. As in the production of this lesin 
pentaerythritol is employed it. is not unlikely for some of the four hydroxyl gioups 
of the pontoorythritol molecule t.o remain uuesterified in the same way as some 
hydioxyl groups of gly(!erol were found to leinain unesterified in ester gum 
(Sen and Bhattaeharya, IfloHa) and copal ester (Seji and Bhattaeharya, 
Moreover this possibility may also provide an explanation for the observed pheno- 
menon of abnormal rise in pcu’uiittivit.y above 150 C. For some of tin s» hydioxyl 
groups may form hydrogen bonds amongst themselves at ordinary temperatures 
and these may be disturbed only temperatures above I50“C. Consequently 



Fig- 7 
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up to 150'^C only the free hydroxyl groups ean contribute towards polarisation 
there being no contribution from the bonded hydroxyl groups. But at tempera- 
tures above 150^0 these hydrogen bonds may break and the released hydroxyl 
groups may contribute further towards polarization thereby increasing the dielec- 
t ric. constant. Or, in the alternative there may be condensation-polymerisation 
above 150°C and the released water vapour may contribute towards increased 
dielectric constant. 

The infrared absorption spectra of this resin was obtained in the manner indi- 
cated previously (Sen and Bhattacharya, 1960) and the spectrogram shown in 
Fig. 7. In this figure no absorjjtion peak 0 (;curs at the wave length region of 2.93/^ 
corresponding to the bonded hydroxyl group but the peak duo to the free hydroxyl 
group occurs at about 2.7S/i, The second explanation for increased values of 
dielectric constant above 150°C seems therefore reasonable. The free hydroxyl 
groups may be the unesterified hydroxyl groups of the pentaerythritol molecule 
as stated earlier. As chances of rotation of the entire resin molecule are remote, 
only side groups attached to the main molecule or segments of it are capable 
of orientation. Therefore hydroxyl groups attached to the molecule seem to bo 
the probable rotating units. 
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ABSTRACT. The infrared nud Kaman of tliiojrly(*<d]ie acid audita solutions 

in difforont solvents have boon re(?ordod and the assignments of some of tbo friMiuoucies have 
been proposed. 

INTKODUCTTON 

The Raman spectrum of thioglyelollic Acid has been earlier rei^ortod by 
Thatto and Ganesan (1933)* but these authors have not recorded any lino in the 
region of 2500 cni^^ corresponding to S-H strettdiing vibrations. Hibbeu (1936) 
while discussing the Raman spectra of thioacids, interpreted the absence oi a 
line in the region of 2500 cm~^ in these (compounds, as due to the absence of S-H 
group. There appears to be no mention in literature regarding the studios of 
infrared spectrum of thioglycollic acid. The authors have studied the inirared 
and Raman spectra of the acid and in various solvents in order (a) to assign the 
various vibrational fre(|ucncies of the inojiomer and assoidated molecules and (b) 
to study the effects of the solvents on the fnuiuencies of the 0-H, S-H and C == 0 
stretching absorption baixds. 


experimental 

A Perkin-Elmer Model 21 Infrared Spi^ctrophotonieter with NaCl opti(*.8 was 
Dsed to obtain the infrared epeetra. The infrared Bpootrum of the pure liquid 
was obtained bv pressing a drop of the liquid between two NaCl plates, along wth 
an NaCl plate of equivalent thickness inserted into the reference beam. The 
spectra in solutions were obtained with a pair of matching cells of 0.1 and 1 mm 
thickness. 

Tho Raman spectra were obtaincl by using a Fuess glsss spectrograph having 
a dispersion of 19 cm'^ in the A4358 region along with a Hilger Raman source 
unit. A4358 was the exciting radiation. 

TliioglvcoUio (®. M»-ck) .IWled umler r»dace.l pr««.u™ Mal fto 

frMtion wUwted at 123"C md 29 mm ft' 

Th. feet, that thi. fee™ .q..eou. mirtere ef eorafeat talmg pomt !.». 
bMP pofed and absolutely anhydrous acid was used m the lUTcst^attous. 
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R JG S U L T « 

The Raman and infrared frequencies of thioglycollic acid as recorded by the 
authors are given in Table I. The Raman spectrum reported by Tliatte and 
Ganesan is given for comparison. The microphotometric trace of the Ramna 
spectrum is given in Fig. 1. The infrared specdrum of thioglycollic; acid lias 
broad absorption band in the 8// region, but this band could be resolved into 
three peaks in solutions of chloroform and caibon tetrachloride. The Raman 
spectrum of thioglycollic acid has a sharp and intense line in the region of 
2500 cm ^ while the corresponding infrared band is weak. The authors could 
record a number of Raman lines which have not been reported earlier (Thatte 
and Ganesan, 1033). 



Fif?. 1. Mku’ophotometrii* trace of the Kaman spectrum of thioj?lv collie acid. 


DISCUSSION 


The infrared spectrum of thioglycollic acid has a broad absorption band 
extending from 3125 cm“^ to 2000 cm“^, but in solutions of chloroform it could 
be resolved into three distinct peaks at 3495, 3125 and 2900 cm“^. With increas- 
ing dilution, the intensity of the band at 3125i cm“^ becomes less and at 0.02 
molar concentrations, this band becomes very feeble while the one at 3405 cm*"^ 
is prominent. A characteristic feature of carboxylic acids is their dimeric mani- 
festation, with the result that the intermolecular associations break up progres- 
sively with increasing dilution of these substances in chloroform or carbon tetra- 
chloride. Therefore the authors assign the band at 3495 cm"”^ to the free 0-H 
stretching vibrations of the monomers and the one at 3125 cm“"^ to the same mode 
of vibrations of the associated molecules. The Raman line which is assigned 
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to the bonded 0-H stretch, has a banded struoturo extending from 2926 to 2971 
cm-i. A sharp intense Raman line appears at 2930 cm-i superposed on the 
hydroxyl band. The band at 2900 cm-» in the infrared or the one at 2930 cm-> 
iix tli6 JRftnx&u spcctruiu is assigiK^d to strotchhxg vibrations. 

The C — O stretching alisorption of thioglycollic acid has two peaks at 
1717 and 1730 cnx , the fornier being a weak shoulder. The carbonyl freciuency 
in the Ranian spectrum appears as a band at 1654 cm-i along with a sharii, faint 
lino at 1710 enx'"’. These results indicate that the thioglycollic acid is not a 
completely associated liquid. W ith increasing dilution of the acid in chloroform, 
the peak at 1730 cm' ^ becomes more prominent hi the infrared sjiectrum and the 
band at 1717 cm~^ becomes a shoulder. At a molar concentration of 0.02 in solu- 
tion of chloroform, only the band at 1730 cin~' could be recorded. Therefore 
the infrared frequency at 1717 vm i or the Ranian Hue at 1054 cm is assigned 
to the C = 0 stretching of the associated molecules and the frequency at 1730 
cm-i in the infrared or the one at 1710 enr*^ in Raman spectrum to the same 
mode of vibrations of the monomers. The large differeni’cs in the infrared and 
Raman frequencies of the C — O stretch of the thioglycollic acid are in agreement 
Muth similar results obtained by Davies and Sutherland (I03H) in their investi- 
gations of carboxylic acids. 

The lines at 1298 and 1397 cm~* in the Raman and the corresponding fre- 
quencies at 1286 and 1412 cm in the infrared can be assigned to C-0 stretch 

and C deformation. Such assignments have been made byHadzi and 

\OH 

Sheppard (1953) in case of carlioxylic acids and by Puranik(1955) in case of esters. 

The Raman spectrum of thioglycollic acid has a sharp and intense lino at 
2569 cm*’ and the c.orrcsponding frequency in the infrared is a weak absorjjtion 
at 2565 cm' The authors assign this band to 8-H stretching vibrations. The 
frequency remains un<*hanged even in dilute* solutions of chloroform. This in- 
variance of the frociuency indicates that S-H linkage is a free linkage in thiogly- 
collic acid. The intermolecndar associations in this compounds, may therefore 
be concluded, as of 0-H 0 = C type. 

The S-H in-plane deformation frequency has been identified by Sheppard 
(1949) with a Raman lino at 832 cnx-^ and therefore the Raman line at 813 cm-^ 
in the thioglycollic acid may be assigned to this mode of vibration. The 0-SH 
stretch is knowm to appear in the region of 6(X)-700 (un ^ as a strong line in The 
Ranxan spectrum (Sheppard, 1950) and therefore a fairly intense Raman line at 
675 may be assigned to C— SH stretching vibrations. 

The 220 cnx"^ in the Raman spectrum corresponds to the symmetrical vibra- 
tions of the two acid molecules of the dimer through the stretching of the hydrogen 
bond. 
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TABLE I 

llaman and infrared frequencies of thioglycollic acid 

(in cm“^) 


Raman 


Infrared 

PrtJ8(3iit 

Tliatto and 

Present 

authors 

Oaiiosan 

authors 

220 (0) 

— 

— 

i-n (2) 

433 (Id) 

— 

— 

511 (1) 

— 

577 (2) 

580 (1) 

— 

675 (3) 

68« (0) 

— 

765 (4) 

— 

755 (w) 

813 (6) 

818 (4) 

— 

906 (4) 

914 (2) 

897 (w) 

997 (4) 

1004 (0) 

990 (vw) 

1164 (5) 

— 

1149 (m) 

1195 (3) 

— 

1 1 99 (m) 

1242 (3) 

— 

— 

1298 (0) 


1286 (s) 

1397 (3) 

1409 (2d) 

1412 (s) 

— 

1563 (Id) 

— 

1654 (3d) 

— 

1717 (r) 

1710 (1) 

1707 (Id) 

1 730 (sh) 

— 

— 

2336 (w) 

2459 (2) 

— 

— 

2569 (8) 

— 

2565 (w) 

2678 (2) 

— 

2680 (sh) 

2930 (9) 

2950 (Id) 

— 

2926 to 2971 

— 

2930 to 3125 
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TABLE n 

O H, S H and C = 0 stretching frequencies of thioglycolli(^ aci<l in 

different solvents 


Solvents 

O-H 

stretch 

S-H 

stretch 

C-O 

stretch 

Liquid 

29.30 


__ 


to 

3125 

2505 

1717 

1730 

Carbon tetrachloride 

,3610 

2575 

1718 

1731 

Chloroform 

3500 

2505 

1717 

1730 

Acetonitrile 

3450 

2505 

1742 

Dioxane 

3450 

25.35 

1 745 

Pyridine 

.3225 

2t40 

1717 (sh) 
17.30 

a-pinoline 

— 

2440 

1709 

1724 

i3-picoline 


2440 

1717 

1730 


Solvent effect 

The infrared spectrum of thioglycollic acid has been recorded in various 
solvents and the OH, SH and C - O stretching frequcntdes in those solvents are 
given in Table II and the traces are given in Figs. 2 and 3. 


VWAVE NUMBERS IN CUC* 



WML HUMSERS IN ClT 
uyoayjpo 



Fig. 2. The O-H, and 8-H Btrotching frequencies Fig. 3. The C- O strotohirig 
in (a) pure liquid (b) chlorofoim frequencies in (a) pure 

(c) dioxane and (d) pyridine. liquid (b) chloroform 

and (1) dioxane. 
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Tho absorption band at 3495 cin“^ in chloroform or at 3510 cm~^ in carbon tetra- 
chloride, which is assigned to the 0— H stretch of the monomers, does not appear 
in tho donor solvents. Instead it appears at 3450 cm' ^ in dioxanc and acetoni- 
trile and at 3225 cm '^ in solutions of pyridine. At these concentrations the 
carbonyl frequency is at 1743 cju ^ in both dioxanc and aietonitrile. In pyridine 
it is at 1730 cm“’ with a weak shoulder at 1717 cm~* Similar results are obtained 
in solutions of picolines. 

The appearance of a single C — 0 absorption in the donor solvents corres- 
ponding to the monomer frequency is an indication that the interinolecula 
associations have broken up considerably in these solvents. 'I’hen the simulta- 
neous rediuition in the 0-H stretching frequency compared to the monomer 
frequon(iy m solutioiis of chloroform or carbon tetrachloride is due to the hydrogen 
bond formation between the donor groups of the solvent and the 0 — H group of 
the monomers of the acid by the 0H...N and 0H...0 bonds. The shift in the 
0 — H stretching frequency is maximum in solutions of pyridine. 

The S-H stretching frequency, which has the same value hr pure licpiid and 
in dilute solutions of chloroform, decreases to the extent of 125 cm“^ in solutions 
of pyridine and picolines and becomes brojwl. In solutions of dioxanc this band 
shifts only to the extent of only 25 cm~^. The large shifts in S-H stretchmg 
frequency in solutions of pyridine and picolines, may be concluded as due to the 
associations by way of S-H...N bonding. 
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STUDIES ON BINARY DIFFUSION OF THE GAS PAIRS 
N2-A. N,-Xe AND N,-He 
R. PAUL AND 1. B. SRIVASTAA^A 

Ini)ia.n AssoriA'PioN for the Cultivation of S( 1E^( e, <' oat 
{Rccdrcd June 2l\ llMH) 

ABSTRACT. Tho mulupl diffusion coeflV'ic'nf. of N.-llr, X-Xc nnd N-.-A jk^us ])airH 

over the tem]>prfituro iuterxal —MW to iMYC Ups boon (l«‘<erinioed hy nllovvm^r tlie (liffuHioji 
to take ])lacc hctwei'ii two hiiJl)K througli a ])rerision tu)»e. Si*in]>l(’'H of tlu' j^as, 

withdrawn from ono of < lie biillis at dilb'n'ut tiiiK's, w>Dre aunly,s<Ml by iism^ a pre\ ioiisly eali- 
l)rat(Ml thermal eondiu tivity analyst*!*. Thest* expt'riinenta] data have bet*ii utilised for eal- 
eulating the unlike potential ]>ai amet(‘i*H on the Leiiiifiird‘.lon(*H 12:0 ined»*l. The ])arain('teis 
ha\A‘ hot*!! list'd to calculate Di-i imd ai*(* found to reproduct* flu* ex]»eriiuenlal tluta satisfac- 
torily. Further, the thermal conductivity of tbt* inixtun's is cttlrulaled iiKing only tin* cvp«>ri- 
meiital values of D)^ and oth<‘r traus])ort propertit's of pun* gast's and reasonable agrt'eni<*nt 
with the exporimoutal data, is obtained. 

TNTRO niTt^TIOX 

The coefficient of mutual diffusion, I),;, is the most Huita])]e transjiort jiro- 
perty for studying unlike moleeiilar interact ions, htM‘ause, to tlie first a'|)proxima- 
tion, it depends only on the force field of the unlike molecules. But fhe ex]K*ri- 
niental data suitable for inter- molt'cular force det<‘rmination arc scanty, sptH-ially 
for tho ])()ly-atoniic molecules. I^herefore, mutual diffusion data for various 
pairs of gases are most desirable. With thii* end in view a series of accuratt‘ dif- 
fusion coefficient moasurements of different, gaseous mixtures have l)een done in 
this laboratory over a fairly Avidc range of tempeTature. 8eveial workers (Sri- 
vastava and Srivastava, 1959a, Srivastava, 1959, Srivastava and Barua, 1959) 
have measured tho binary diffusion of inert gases in the temj)erafure range O' C- 
45''C by using the twTi-bulb diffusion method and have used their data to deter- 
mhm the unlike interaction parameters on the Lennard- Jones (12 : b) mod(0. The 
same technique w as further used by Paul and Hrivastava (1991 a, 1961b) for measur- 
iiig Dj 2 of binary mixtures containing a diatomic* gas, in the temperature range 
■~30^'C to 60"C. Tn the present wwk, the mutual diffusion coefficients of Ng 
with He, A and Xc have boon measured in the above, tc.mperaturo range and the 
experimental data are used for determining thc‘ force (constants for unlike 
interaction on the Lennard-Jones (12 : 6) model. 

A V P A R A T IT S AN D T H K O K Y 

The two-bulb technique of Noy and Armistead (1947) was employed for 
measuring the diffusion coefficients. The details of the apparatus, experimental 
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procedure and the theory have been discussed fully by Paul and Srivastava 
(I»61a). 

EXPERIMENTAL RESULTS 

The gases used were supplied by British Oxygen Company, England and were 
quoted to be spectroscopically pure, except xenon which contained about 1% 
krypton. 


Comkints of the diffusion apparatus : 

Volume of bulb I 

325 cc. 

Volume of bulb 11 

647 cc. 

Length of the diffusion capillary 

9*058 cm. 

Diameter of the diffusion 


capillary 

0.316 cm. 


or 

Cl = 0.373, 


C, is calculated from the initial concentration in the two bulbs, which was 
further checked for some runs by determining the concentration at an interval 

of seven times the relaxation time. 

TABLE T 


Observed concentration of He at different times for N^-He at — 30®C 


Time iu minutes 

K ill ohm8 

0,^ 



0 

— 

1 .090 

0.627 

1.7973 


l>35 . S 

0.770 

0.397 

1 .5988 

Til 

229.4 

0.091 

0.31S 

1.5024 

71 

222 . H 

0.616 

0,243 

1..S856 

91 

217.1 

0.559 

0.186 

1 .2695 


Fig. 1 gives the calibration curve for the three gas pairs and Fig. 2 shows the 

CO 

plots of logi„((7i*— ) versus t for Ng- He at all temperatures. 

Table II gives the experimental values of diffusion coefficients for different 
pairs as determined by the present authors, together with the values obtained by 
Other workers, wherever available, and also the calculated values of using the 
force constants obtained by the authors. 
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TABLE II 

Observed values of the diffusion coefficient in cm^/sec 


Gas 

mixtures 

Temp. °K 

Pressure 
lu mm. Hg. 



Previous® 

work 

Dia calc, 
from force 
f;on.8tantH 
fitted to 
diffusion 
data 


243 . 2 

62.0 

5.847 

0.477 


0.484 


275.0 

64 . 5 

7.022 

0.596 


0.597 


29S.10 

— 

— 

— 

0.7068 

0.6797 

N:; H.. 

:^03.55 

62 . I 

8 . 799 

0.719 

— 

0.704 


328.16 

— 


— 

0.8212 

0.8011 


332.5 

65.5 

9.410 

0.81 I 

— 

0.819 


358.16 

— 

— 

— 

0.9410 

0.9232 


244 . 2 

64.7 

1 .583 

0.1348 


0.1363 


274.6 

62.2 

2.063 

0.1689 


0.1685 

Na-A 

303.55 

64.5 

2.355 

0 . 1 999 


0.2018 


334.7 

68.8 

2.707 

0.2433 


0.2399 


242.2 

63.2 

1.027 

0.0854 


0.0854 


274.6 

64.4 

1.262 

0.1070 


0.1078 

Na-Xe 

303.45 

70.0 

1.413 

0.1301 


0.1299 


334.2 

60.3 

1.952 

0.1549 


0.1551 


H RumpoU W.F. (1955) 


determination ok potentiai. parameters 

The various methods for determining the potential parameters from the 
measured values have been fully discussed by Bunde (1 9.^)5) and Srivastava 
and Srivastava (1959a), pointing out their advantages and limitations. In the 
present work, the intersection method of Buckingham (1937) has been used for 
the determination of the force constants on the Lennard- Jones (12:6) model. As 
some scatter was found in the intersection points of the curves, the force constants 
obtained by this method were considered as approximate ones. These approxi- 
mate values were used to calculate the parameters more accurately by the method 
of least square fitting. The least square method followed here has been discussed 
in detail by Paul and Srivastava (1961b). 

The force constants determined are tabulated in Table III, together with the 
values obtained from the combination rules. It is clearly seen that the two sets 
of orce constants agree within the limits pf experimental_error^ _ 
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TABLE III 

Potential parameters on the Lennard- Jones (12 : 6) model from the 

experimental data 


Gtis pair 

Present work 

From combination 
rules 

No -He 
*12, -k rK) 

35.44 

30.58 

0,2 (A) 

3.1:>9 , 

3.120 

Ni-A 

Cl2/fc ('"K) 

107.03 

100.5 

0,2 (A) 

3.5.30 

3.. MS 

No-Xo 

'12/k ("H) 

147.4 

144.8 

0,3 (A) 

3 . 840 

3 . 868 


fU) M P A R T S O N W r T H E X P K R I M E N T S 


(a) Mutual diffusion coefficient 

The force constants obtained in the present work liave i)een used to calculate 
the diffusion coefficients, whic^h have been tabulated in Table JI. The agreement 
obtaine<l is excellent. Further, in case of N.^— He where data of other workers 
(Rumpel, 1955; Walker and Westenberg, 1958) are available upto 110()“K, the 
diffusion coefficients calculated from our force coiistants have been compared 



Fie 3 Temperature variation of the diffusion coefficient of N^-He system. 
Interpolated from Walker and Westernberg (1908) 

work n Data taken from Pumpel.(ip.^),. . 

O Calculated values uskSg force constants obtained in the present paper. 
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graphically with experimental values in Pig. 3. It will be seen from the figure 
that up to 700°K, the force constants obtained here reproduce experimental values 
tolerably well. At higher temperatures there are significant deviations, but the 
force constants determined from the data in the temperature range 250°K to 
350®K are not expected to hold good above 700®K. 

(b) Thermal condmtivity of mixtures 

The full procedure for the determination of the thermal conductivity of mix- 
tures from the experimental values of the mutual diffusion coefficient and other 
transport properties of pure component has been given previously (Paul and 
Srivastava, 1961a). 

Fig. 4 presents the experimental values of the thermal conductivity of the 
mixtures with those calculated by the above method. The agreement is excellent 
for all the three mixtures. The experimental values of thermal conductivity are 
taken from Srivastava and Srivastava (1959b) for Ng— A and from Barua (1959) 
for Ng-He and Ng-Xe. 



Fi$. 4. Oomparison of experimental and oalrulated values of thermal oonduof ivity. 
I. Sr-He At SO'C, H. N^-A at SS’O, and III, Ng-Xe at 30*C. 
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DISCUSSIONS 

Ab the force constants for the pure components are not known very accurately, 
it is not possible to test the combination rules critically. However, like previous 
cases, in the present work also, no systematic departure from the combination nile 
could be observed. 

It will be of considerable interest to see how well our force constants repro- 
duce the transport properties other than diffufflon and thermal conductivity, but. 
unfortunately, no such data are available at present. 
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ELECTRON MICROSCOPE STUDIES ON THE 
COTTON CELLULOSE 
D. K. SAHA 

[ Hiophykics DtvjsioK, 

Saha iNRTITUrK of Nr<T.TCAH PHYeTCH, C^\Lt’UTTA-^) 

(ReveiveiJ Jw^e 30, ]96l) 

ABSTRACT HydrcjIysiH of cotton ct'lhilosc* in Htroug ininoral acid shows a diaiiiteym. 
ting fibrillar sIru(*luro iindor clootron microscope. 1'hp brok(*n U]> fibrils end parti(*lcs have 
almost tli(' sariK' lateral fiimensjou and th(‘rc is an indicatioj, of layer lattice sfnicturc of (‘ollu* 
lose. No definite minimum of the letigth of the particles could be observcrl. 

INTRODUCTION 

Morphological study of cotton cellulose by some workers (Balls and Hancock, 
1022) under light microscope shows dislocated striatious. Dislocation of stria, 
lions w^ere also noted in most of the hast fibres prominently in flax (Mnhlethaler, 
1040). The transverse section show's cell structure in both the varieties (Hock 
H a!., 1040). The molecular structure has been studied by X-ray and the unit 
cell has been defined (Hessler et aL, 194S). The state of orientation and purity 
of fibre, so far as a-cellulose content in fibre is concerned, has also been studied 
(Berkley (4 al,, 1938, 1949). 

From the usual X-ray diagram and also from small angle scattering, the 
average length of cellulose crystallites of Remie was found to vary between 500 A 
and 000 A (Heyn, 1950). But the exact shape and locations of these crystallites 
in the fibre could not be ascertained for want of proper technique. 

It will be observed that the size of crystallites as suggested from X-ray 
studies is w ithin the range w'hich could be advantageously studied under electron 
microscope. The early attempts to study the structure of cellulose with electron 
microscope by Ruska and others (1940) did not succeed. Subsequently, attempts 
by replica technique by Astbury and Preston (1948) indicated the fibrillar structure, 
while Freywdssling (1948) using mechanical grinding reported fibrillar structure 
of varying width and length. Subsequently Ranbi and Ribi (1949 and 1951) 
and also Mukherjee and Woods (1953) tried acid hydrolysis for the disintegration 
of fibres. They were successful in breaking the fibrils into descrete particles, 
believed to be the crystallites of cellulose. The present work contains an account 
of the electron microscopic studies on Indian cotton cellulose using the acid 
hydrolysis technique developed by Mukherjee and Woods (1953). 
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E X P E K r M -R N 'P A J, V H O C E DUBE 


111 this work a sample of raw Judian eottoix was dewaxed by soxhlate extrac- 
tion with Carbon tetra-chloride and after drying, it was further piiritied by boiling 
in dilute (2%) sodium hydroxide solution for 4 hours. I'he puritied fibre was 
next treated in sulphuric acid solution of strength 920 grammes per litre at 112' (\ 
The fibres disintegrated into small fragments and dispersed in the acid. In an 
attempt to wash this material by distilled water in a centrifuge, the fibres dis- 
persed stilJ further in a colloidal solution at a jpH round about 4. 'fhe colloidal 
solution obtained by peptisation at each washi|ig in the centrifuge was (‘ollected. 
This acidic colloidal solution was then dialysed bi cellophen bags in distilled water 
at> l oom tempei‘ature. Four to five days had t4> be allowed in the jirocess ol dia- 
lysis to raise the pH of the solution to about 5.5. Jiecausi^ t-lu* y>H of distilled 
water itself against- which the solution was dialysed was 5.8. The dialysed solu- 
tion was further diluted with distilled water in order to obtain a < ()uceutrati(>u 
suitable for electron microscope. The specimen for an electron micro8co])e was 
obtained by putting a small drop of solution on a colloidion coated microscope 
grid and evaporating the water to leave the cellulose behind. Tin* s])e(umen 
was next shadowed with chromium ajid subsequently examined under electron 
microscope. The microscope used w^as Siemens’ Elmisko}) I at ()()k\^ 


TABLE 1 


Ohs. 1108 . 

Width of individtutl 

parlicleK t)Ji <lu; 
iiiicTugraph (<*ni) 

Act uni w^idth ol’ 
iiidividuH-I j)articlch 
(cm) 17000 

1 

l.mi V 10-2 

J I.'^).3 A 10*-» 

.» 

2.0! 

171.2 


1.97 

iir>.» 

4 

2 . SU 

170.0 

r» 

1 .79 

ior).3 

() 

2.13 

125.3 

7 

2 . 00 

121 .2 

8 

1.82 

107.1 

0 

2.83 

100.5 

10 

1 .81 

100.5 


JVToati width = 1 .30 . 4 i ^ 

.70 A. 


dtscuhsion 

The eleett,. .mcrogreph (Rg. 1) .ho*. • hhrito “ 

definit. indicion of breri^do™ hdo .Iongot«l dtecrete p.rt.cto « could he 
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seen in tlie field of observation. It is also observed on the micrograph that the 
fibrils and the particles have more or less the same lateral dimension. In other 



Fig 1. 


words the structure as revealed under microscope shoAvs a disintegrating fibrillar 
structure breaking into particles. On closer observation of the aggregates, there 
is an indication that they are rather in flat layers whic;h probably are in confor- 
mity with the idea of layer lattice, associated with structure of cellulose. No 
dehnite ininimuin of the length of the particle could be observed. But they wore 
found to vary from 500 A to 2,500 A and above. Nevertheless the width of the 
particles was found to vary within a narrow range, when measured. The 
average width of the particle was found to be about 130.4 ± 8.70 A. 

It is expected that under favourable conditions, by using different time, 
concentration and temperature of acid it may be possible to study the individual 
units (fibrils) which is the basis of building mechanism of the structure. This 
work is being further pursued to see if similar results can be obtained in case of 
bast fibres and to study the difference, if any, between the bast fibres and 
comparatively more pure varieties of fibres like cotton and also amongst the 
bast fibres themselves. 
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Plate XI 

ABSTRACT. TIh' Ranuiii spot'Im of (piirioliiio ainl t<‘(ralm iti llw iKiuid siaH* and in 
tho solid stat-o at — ISO'^C and also t.h(‘ irifViircd spcclrn of IIk^ licjuids and iLcir .sninlions in 
somo aliphatic solvents liavo bc(‘n invesli^jcafed and an atH'inpt has Is’cn made lo asHij.rn tlw' 
prorninont Raman and infranul fr(HiU('n(‘H‘H of (piinoline lo soiiu' of (la* vihfaCnnal modes of 
tho moloculo. 

In the solid stab* at ~IS()‘(^ (|uinolinc o\}n‘hi(s a mod('ra(<>ly strong n<'w Raman liiK* 
49 om C On the olher liand, ((dralm at' -!S()‘’C sliows two mwv low -ll•^‘^pJen^•y Raman lines 
of shifts 61 and 92 cin i resoectivelv under similar conditions. Il is found that some (d* the 
linos duo to intra.nioIeeular nnxh's of \ ibration of both the* compounds uniJcrfj:o changes witli 
the solidification of the liciuirls. The ri'sults lui’ i* b(‘en eom]an‘cd with those (in** to b(*nz(‘ne 
and naphthalene and it has Ixsai siiir^^estc'd that the rdiangcs m(‘ntJoi#ed aho\e and lla* app<*ar- 
ance of tho nenv lowdrequeney Raman lines may f>e due to ml(‘rmoIeeular eoiipIniL' in the 
crystal at tin' low teniporature. 


I NT HODTK^Tl ON 

It was observed by Sirkar and Ray (1900) that tln> crystals of benzene at 
— 100°C show only three Raman lines in the low-frecjuency region and the nnnibcr 
of these lines increases to five when the tenijteratnre is lowered lo --lH0“e. In 
the case of pyridine at — 180°C, however, only four such lines were observed by 
Kastha (1956). The increase in the number of low-fre<jueney lines with loworin>t 
of temperature of the crystals was also observed in the Raman H]»eetra of jnany 
substituted benzene compounds suidi as /^-xylene (Biswas. I9r)4a), /ebromotoluenc 
(Biswas, 1954b) and m-diclilorobcnzene (Biswas, 1955). It has also been pointed 
out by Biswas (1957) that the number of the low-fre(£uen(!y lines does not depend 
on the shape and size of the molecule, but it depends on the nature of the substi- 
tuents. In the case of naphthalene at -180“E six such lines have been observed 
(Ray, 1960). It would be interesting to comi)are the spectrum of naphthalene 

^Communicated by Professor S. C. Sirkar. 
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with that (jf (juinoline, because the shapes and sizes of the two molecules are similar. 
Tetf aline is another molecaile in which one of the tw^o rings of naphthalene has 
been altered ])y substit ution. The object of the present investigation was to study 
the Uanian Hi)ectra of cjuinoline and tetraline in different states in order to find 
out; lh(^ change in tlu^ Raman spectra w'hicdi might take place with change of state 
and also the number of low -frequency Hainan lines in each case. 

The infrared Hp(‘ctra of the two substancies in the liquid state and also in solu- 
tion in diftiMcnt solv(*iits have also been studied in order to find out the influence 
of environment on the spectra. 


K X I‘ h] K I At E N T A L 

Tlie liquids, quinoline and tetralin supplied by the British Drug House, England, 
were of chemically pure quality. They wore further purified by repeated dis- 
tillation under reduced pressure before each exposure. The. arrangements used to 
recoi*d the Raman spectra of the two c.ompounds in tJio liquid state and in the 
solid state at -ISO (5 were the same as those used by Biswas (1054). An iron 
arc spectrum was sui)erimposed on each spectiogram for comparison. The polari- 
sation of Raman lim‘s of tetralin w'as studied in the usual way. A Fuess glass 
spectrograph having a dispc'rsion of II A/mm in the 4047 A region w^as used to 
photograph the sticcti'a on Ilford ZenitJi plat(‘S. The infrai'ed absorption sf>ectra 
of the tw'o conqiounds in tlie liquid state and in solution in CCI4 and ^-hept ane 
have been recorded with a Perkin Elmer Mod(‘l 2i spec.tropliotometer with NaCl 
oj)ti(5S. A compensation cell was used in the reference beam in each case. 


H K S L 'r S 


The spectrograms ai e reproduced in Figs. 1, 2, and 5, Rlate XI. The f>bserved 
Raman shifts of the c.ompounds in the liquid state and in the solid state at — 180°C 
are tabulated in Tables J and 111 respe(‘tively. The Raman shifts for the cor- 
responding li(j[uids reported by previous workers are also included in the tables 
for comparison. The totally polarised and depolarised lines are indicated by 
the letters P and D respectively written by the side of each Raman line in 
Table 111. 

4he infrared spectra of quinoline in the li(piid state arul its solutions in OS2 
and in CCI4 are reproduced in Figs. 4, 5(a) & (b) and b, respectively. Also, the 
infrared spectra of tetralin in the liquid state and of its solutions in CSg and in 
0(^1^ are reprofluced in Figs. 7, 8 and ‘.)(a) & (b) respectively. The infrared bands 
of pure quinoline and its solutions in CS2 and in CCI4 and those of pure tetraline 
and its solutions in CSg and in OCI4 arc tabulated in Tables IT and and IV 
respecjtively. The wave numbers of the bands of the pure liquids given in 
Landolt-Bornstein Tables are also included in the respective tables for 
comparison. 




Absorption Absorption 
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TABLE I 

Raman spectra of quinoline — ^Av in c 


Liquid 

Solid at 


Landolt-Borrifltein 
Tables (1951) 

Present 

author 

Prf'sont au th o r 



49 {2b) 


191 (4b JH 

190 (2b) 

388 (1) 

380 (4) ‘r 

384 (0) 

518 (5) 

519 (8) ; 

516 (6) 

701 (0) 



729 (1) 



755 (3) 

757 (10) 

751 (6) 

771 (1) 

776 (I) 


949 (1) 

075 (0) 

963 (Ib) 


1008 (2) 

1013 (2) 

1014 (0) 

1028 (2) 

1032 (6) 

1030 (3) 

1113 (I) 

1117 (1) 


1137 (1 

1248 (1) 

1 143 (2) 


1337 ((') 

1310 (1) 


1367 (6) 

1366 (15) 

1366 (12) 

1388 (2) 

1390 (4) 

1392 (1) 

1428 (3) 

1427 (10) 

1428 (4) 

1460 (1) 

1464 (1) 


1401 (1) 

1494 (1) 


1568 (4) 

1572 (10) 

1571 (4) 

1589 <1) 

1594 (1) 


1615 (0) 

1628 (1) 

2980 (Ob) 


3011 (1) 

3009 (lb) 

3052 (4) 


3062 (3b) 

3060 (6) 

3072 (2) 

3088 (2 VI 
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TABLE II 

Infrared spectra of qumoline — v in cm~^ 


Pure liquid 5% Solutions (Prosont author) 


Landolt-Bornstein Present in CCI4 in CS^ 

Tables ( 1 95 1 ) author 


720 niR 


782 vs 
800 vs 
932 8 
950 R 
975 ins 
1005 ms 

1030 8 
1090 vw 
1110 vs 
1135 vs 

1185 vw 
1210 vw 

1310 s 

1370 Ills (b) 
1427 s 
1450 w 
1465 w 
1495 vs 
1 540 vw 
1565 ms 
1590 ms 
1615 nis 


♦2890 w 
*2930 w 
♦2950 ms 

*3002 ms 
*3040 R 
♦3080 R 


730 lUB 
755 ms 
782 vs 
800 vs 
932 ms 
950 vw 
975 vw^ 
1010 w 

1030 ms 
1090 vw 

1110 fl 

1135 w 
1 1 85 vw 
1210 vw 
1230 vw 
1310 s 
1365 ms 
1390 w 
1427 ms 
1 450 vw 
1465 vw 
1495 s 
1540 vw 
1565 ms 
1588 ms 
1610 ms 
1718 vw 
1 835 vw 
1860 vw 
1900 w 
1918 w 
1950 w 
2230 vw 
2270 vw 
2310 w 
2340 vw 

2840 vw 
2900 vw 


2980 s 
3000 R 
3025 H 


932 ms 

950 vw 
970 w 
1005 w 
1030 vw 
1090 vw 
1110 ms 
1135 vw 

1210 vw 
1235 w 
1310 ms 
1365 ms 
1 390 vw 
1 430 ms 
1445 vw 
1465 vw 
1498 s 
1542 w 
1560 ms 
1 590 ms 
1610 w 
1718 vw 
1 835 vw 
1 860 vw 
1820 w 

1950 w 


2305 w 
2415 vw 


2995 ms 
3025 8 (b) 


730 ms 
755 w 
780 vs 
798 vs 
930 ms 
945 w 
970 w 
1010 w 

1025 w 
1090 vw 
11 10 ms 
1135 w 


1210 vw 


1365 ms 
1390 w 
1430 ms 


1730 w 
1830 vw 
1870 vw 
1 890 w 
1920 w 
1 950 w 


2290 w 


2995 ms 
3025 s (b) 


♦Bands observed in solution in CCI4 
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TABLE IIJ 

Raman spectra of tetralin — Av in cin“^ 




Solici at — 1H0‘ 


Landol t- Bo riistoin 

Tablo (nK">l) 


Present auf lior 


l^resi'ni author 


113 (5) 

1(>3 {i^h) 
(4) 
311 (i) 
43r» («) 
457 (4) 
511 (4) 
5S4 (C)) 
725 (8) 
768 (J) 
805 (3) 
816 (4h) 
S6h (3) 
005 (2) 
082 ( I ) 
J037 no) 
1067 (4) 
1116 (I) 
1150 (6) 
1202 (8) 
1237 (3) 
1284 (3) 
1343 (4) 
1381 (I) 
1433 (6) 
1440 (3) 
158 1 (1) 
1603 (6) 
2836 (5) 
2864 (6) 

2000 (5) 
2023 (4) 
2030 (6h) 

3(*23 (3) 

3045 (7) 


107 t4) 13 

i6» (8J») 1 ) 
262 (4) P 

433 (6) P 
458 (1)1) 
508 (4) P 
578 16) P 
722 (1^) P 

804 (2)' 
819 ( 2 ) 1 > 
860 (O) J > 

or> 11) V 

1030 (12) J* 
1064 (Ih) I) 

1 162 (4) 11 
1205 (8) 1* 
1236 (2) 1) 
IMHO (8) 1) 
1337 (4ld P 
1381 (lb> V 
1432 (6) r> 
1452 (2) 
1576 (2) 1) 
1603 (8) I) 
2832 (6) P 
2855 (3) V 
2878 (3) 
2007 (4) 

2030 (KO V 

3025 (5b) 
3055 (5b) P 


IB (2) 
02 ( 8 ) 
107 (2) 
137 (2) 
168 (4) 
265 (1) 

432 (2) 
456 (0) 

578 13) 
721 (10) 

804 (O) 
810 ( 2 ) 


B,‘40 (8) 
1064 (O) 

1 162 (2) 
1206 (6) 
1236 (0) 
1281 (6) 


1427 (5) 

1576 (O) 
1603 (6) 
2832 (3) 
2858 (2) 
2878 ( 2 ) 
2023 (4) 

2032 ( I ) 
2053 (2) 
3025 (2) 

3064 (3) 


TABRE IV 

Luminescence spectra in the solid state at — ISO'^C— v in cm“^ 


of the 


Scpiiral Jon brivveen 

bands 

1 ntc'nsity 

tilt' two stj'ong bands 
and t wo weak 


ImndB 

23600 strong 


23583 

weak r 

1651 

22030 

) ! 

strong ^ ^ 


21033 

weak J 

1650 
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TABLE V 

Infrared spectra of tetralin, v in cm~^ 


Pure liquid 5% Solutions Solutions 

Pr(*sent author Landolt* 

Bornstoin 
Table (195J) 


Lambert and 

L ' Comt(‘ ( 1 93S) Present in GC4 in CSo in CSg 

Si' Wall txni] author 

McMillan (HUO) 


580 R 
620 ms 
650 rns 
67(‘ ms 
700 ms 
740 8 
780 s 


740 s 

735 vs 

730 ms 

735 vs 

805 8 


780 w 


775 w 



800 rns 


800 ms 



810 w 

810 vw 

810 w 


860 w 

860 vw 


855 w 

855 w 

005 w 

805 w 

800 w 

800 vw 

890 ms 


040 ms 

038 w 

040 niR 



080 vw 

080 vw 

080 \w 

07'' ms 


1000 vw 

1000 vw 

1000 vw 



1030 w 

1030 w 

1025 w 

1025 ms 


106(^ w 

1060 w 

1060 w 

1055 ms 

1 11 1 w 

1105 xw 

1 105 vw 

1100 w 

1102 R 


1 130 vw 


1130 w 

1 1 25 ms 


1 155 vw 


1150 w 



1240 w 

1238 w 

1240 w 

1255 ms 


1280 ms 

1280 w 

1280 ms 



1 330 w 


1330 w 



1350 w 

1350 vw 

1350 w 


1120 w 

1430 ms 

1430 R 

1425 s 

1435 R 

1448 s 

1445 s 

1450 8 




1470 ms 

1475 vs 

1470 vw 



1400 s 

1400 8 

1490 vw 



1575 vw 

1575 vw 

1570 w 



1508 vw 





1 630 vw 





1640 vw 





1660 vw 

1660 vw 

1658 vw 



1680 vw 

1675 vw 

1675 vw 



1760 w 

1750 vw 




1800 w 

1800 w 

1800 w 



1010 w 

1902 

1 905 vw 



1940 w 

1935 vw 

1 930 vw 



2835 s 


2835 ms 



2890 8 

2888 s 

2890 s 


2808 s 

2900 s 

2900 s 

2900 R 


2975 ms 

2985 ms 

2985 ms 

2985 ms 


3021 ms 

3040 ms 

3040 w 

3040 w 


3058 w 

3060 w 

3060 w 

3060 w 
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DISCUSSION 0*F HESULTS 
Quinoline 

(a) Comparison with previous work 

Table I shows that almost all the Raman frequencies given in the Tables 
by Ijandolt and Rornstcin agree with those observed in the present investigation 
excepting the fact that the lines 191 cm“^, 2986 cm“^ wei*e not reported by the 
previous workers and the feeble lines 701, 729, 1248 and 1:387 cm ^ have not been 
observed in the present investigation. Of those the line 1248 cm ’ exc ited by 
4047 A line coincides with the antistokes line 519 cnr ^ excited by the 4:358 A 
lino. There is no indication of the c.)ther faint linei mentioned above in the s})ectro- 
gram obtained in the present investigation. On the other hand, the broad lines 
191 cm'"' and 2980 curr ' are clearly visible on the spectrogram. 

(b) Assignment of some of the Raman lines 

The qiiincdino molecule is similar to the naphthalene molecu!(\ the only dif- 
ference being t he al)senc*e of the centre of symmetry in the* former molecule. The 
assignment of the vibrational frequencies of cpiinolinc^ to the different fuTidamental 
modes was made earlier by Icdiishima (1950). Morc‘ recently, several attempts 
have been made to assign the freciiieneies of the nay)lithalene moleculcNs. ]Jp- 
pincott and 0’ Reilly (1955) made such assignment by c^omparing the Raman and 
inf?*ared frequencies of naphthalene and naphthalene r/-8. The vibration fre- 
quencies of naphthalene Jxave been (!alculated by S(*ully and Whitfen (1960) and 
th(-)se of planar vibrations of the molecule have been calculated by FrcK‘man and 
Ross (1960). A comparison of the infrared and Raman spectra of cjuinoline with 
those of naphthalene may be helpful in arriving at thc^ ciorrect assignment of the 
frequericues of both the molcjcules, and therefore, an attcnnpt is made here to 
compare these results. 

Two of the nine Ag fundamentals <d‘ the naphthalene molecMile given by 
Lippincott and O’Reilly (1955) do not agree with the corresponding frequencies 
given by Scully and Whiffen. These are 1240 cm“' and 878 cm“h These funda- 
mentals should appear as strong Raman lines and their frequencies for (juinoline 
are expected to be very near to those of the naphthalene nioleculf\ Table 1 
shows that quinoline produces intense Raman lines corresponding to fundamental 
frequencies 519, 557, 1032, 1366, 1427, 1572 and 3060 cm '. These agree fairly well 
with the corresponding frecpiencies of f/-class vibrations of the naphthalene mole- 
cule given by Scully and Whiffen ( 1 960). As regards the remaining two frequencies 
of naphthalene of this class, they have given them as :3025 (un"' and 1144 cm^', 
while Freeman and Ross (1960) have given them as 3(K)4 cm"' and 1144 cm"'. 
In the case of quinoline there is a weak line of Raman shift 3009 cm"' and another 
line at 1143 cm"', but there is no line of Raman shift :3025 cm"'. Hence the 
assignment of the A^* class fundamentals of naphthalene made by Freeman and 
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Koss seems to he c^orrohorated by the appearance of corresponding frequencies 
of A-(*lass vibration in the Raman spectrum of quinoline. Some of the assign- 
ments made by Lippim^ott and O’Reilly therefore do not seem to be correct. 

As the quinoline molecule has no centre of symmetry some of the modes which 
are antisymmetric to the centre of symmetry in the case of naphthalene and are 
forbidden in the Raman effect may appear as weak lines in the case of quinoline. 
The line 3072 cm”^ seems to be such a line. The infrared bands 1588 cm'~^ and 
1305 of medium strength may correspond to the modes 1595 cm"^ and 

1387 cm-^ of naphthalene. The strong band 1310 cm”^ is due to a vibration which 
is ol’ i/.-class in naphthalene, because the mode appears also as a weak Raman line. 
This may (correspond to a mode of frequency 1265 cm“^ given by Scully and 
Whiffen. There are two weak Raman lines of shifts 1628 cm““^ and 1594 cm~^. 
There are no corresponding strong bands in the infrared. Hence these two lines 
are due probably to the mcxles corresponding to two modes of naphthalene 
numlxned 16 and 17 by Lippinc.cUt and O’Reilly (1955). 

Thus in the (piinoliru^ molecule some of the vibrations of the ring have frc- 
(pioncies very slightly different from those of the naphthalene molecule. This 
difference is evidently due to the presence of the C~N bond in place of a C-C 
bond in the ring. 

(c) Changes in the Ranmn spectra of solidification 

It is observed from Table 1 and Figs. 1(a) & (b) and 3(a) that quinoline in the 
solid state at — 18()'^C does not exhibit numerous sharp low-frequency Raman 
lines unlike naphthalene (Sirkar and Ray, 1950) in the crystalline state. It pro- 
duces only a moderately strong band with a Raman shift of 49 crrr ^ on the 
Stokes side of the 4047 A line. It was observed earlier (Kastha, 1956) that pyri- 
dine ill the solid state at — IHO'^’t. produces four new low-frequency Raman lines, 
while benzene jiroduc^es five such lines under similar conditions. 

In the solid state at — 180°C the Raman lines 3052, 3060 and 3072 cm 
coalesce to form a single broad lino with its centre shifted to 3088 cm“^. Also the 
Raman line 757 cm~^ corresponding to A-class vibration of quinoline shows a 
small shift towards the shorter wavelength region under similar conditions. All 
these changes suggest the formation of intermolecular linkage formed through 
hydrogen atoms of the neighbouring molecules in the solid state at — 180*^0. 

(d) Infrared spectra of solutions compared to the spectrum due to the pure liquid 

It can be seen from Table II that some bands given by previous authors 
appear to differ in intensity and position from those observed in the present in- 
vestigation. The single broad band 1370 cm“^ given in Landolt-Bornstein Tables 
appears as a doublet at 1365 and 1390 cm-"^ in the present investigation. It is 
observed from Figs. 4; 5(a) & (b) and 6 that the band 755 cm“^ becomes weak in 
the spectrum due to the dilute solution of quinoline in CS 2 . Moreover, the first 
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component of the triplet 2980 cm”^, 3000 cm“^ and 3030 ein~^ due to pure (|uiiiolinc 
seems to be weakened very much in 5% solutions in CSg and CC\^ and it agaui 
appears weakly in 15% solution in OSg. This shows that quinoline molecules in 
the liquid state are probably strongly associated and the 2980 cm~^ band may be 
due to such associated molecules. The association thus breaks up in the dilute 
solution. The 757 cin*"^ band corresponds to the Ratnan line of the same vibra- 
tional frequency, but the mode being of A-Class> it is forbidden in the infrared in 
the case of naphthalene. It appears weakly in the ease of solution of quinoline 
in CSg probably because in this case the centre of symnudry is disturbed by the 
presence of the nitrogen atom in the ring. The feet that the strength of the band 
increases in the pure liquid clearly shows that th6 centre of symmetry is pert urbed 
to a greater extent and this also may be due to intermolecular couj)ling in th<‘ 
pure liquid mentioned above. 

It can be seen from Table IT that there is no strong infrared band due to 
G-H vibration of frequency greater than 3025 cm ^ although naphthalene shows 
a strong band at 3072 cm' The band at 3025 cm ^ is to be assigned to a mode 
corresponding to a mode of ?/-(;lass of naphthalene. It may (•(>rres])ond to the 
second mode listed by Scully and Whiffen (1900). The strong bands /82 
cm“^ and SOO cni“^ may be assigned to modes corresponding lespectively to 
mode No. 7 of Bjw class and No. 7 of class given by Freeman and Ross (1900). 

Tetralin 


(a) Comparison imth previous work 

It is observed from Table II I that the doublet- 2923 and 2939 cm-* reported 
by previous workers are not resolved in the present investigation ami only one broad 
line 2930 cm-* has been observed. An extra line 2878 cm-* is also present in the 
spectrogram obtained in the present investigation. Regarding the other Raman 
lines the agreement is good excepting the lines 7«8 and 982 cm-’ which arc, not 
present in the spectrogram. 

(b) Changes in the Raman spectra on solidification 

It can be seen from Table III and Fig. (3b, 2a and 2b) that tetralin in the 
solid state at -180°C produces two now low-frequency Raman lines oi slutts 
67 cm-i and 92 cni'i respectively. Of these the line 92 cm ‘ is stronger than 
the former one. It was previously observed (Sirkar and Ray. 1950) that naph- 
thalene in the crystalline state produces six such lines under similar conditions. 
Similar comparison of the spectra due to bon/.ene and cyclohexane shows that 
benzene produces five low frequency Raman lines (Sirkar and Ray, 1950) while 
cyclohexane does not produce any low frequency Raman line (Sirkar and Gupta, 
1937). It thus appears that the presence of the six unsaturated n-electrons is 
necessary for the production of the low frequency lines in the case of compound 
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containing carbon rings. Tetralin may be regarded as a modified molecule of 
naphthaiene with a cyclohexane ring attached to a benzene ring. Hence the 
diminution in the number of low frequency Raman lines in the case of the solidi- 
lied tetralin at ~-180°C may be attributed to the diminution in the number 
of benzene rings in the molecule. 

(c) Otfber changes in the Raman spectra 

It can be seen from Table III that the Raman line 161 cm“^ which probably 
corresponds to a mode in naphthalene (Scully and Whiffen, 1961) is split up 
into two lines 137 cm~^ and 168 cm“^ respectively when the compound is solidified 
and cooled to —180*^0. The Raman line 1432 cni"^ which is due to C-H 
bending mode also shows a small shift towards the shorter w^avelcngth region in 
the solid state at -180^0. The line 2907 cnr ^ shifts to 2923 cm-^ and the line 
2930 cm~' which is due probably to aromatic C-H stretching mode is split up 
into two components at 2932 and 2963 cm"^ with the solidification of the liquid. 
Further, the line 3055 cm*’^ shifts to 3064 cm~^ at the low temperature. On 
the other hand, the lines 2832, 2855 and 2878 cm^*’ remain unchanged at the low 
temperature. This shows that the C-H stretching vibrations in the CHj, group 
remain unaffected while these due to C-H group in the ring undergo changes 
with solidification. 

These changes suggest that probably some weak intermolecular coupling is 
formed in the frozen state of the substance at — 180^C and the low-frequency 
lines may also be attributed to such coupling. 

(d) Luminescence spectra 

It can be seen from Figs. 3 f 7 and 36 that tetralin in the liquid state exhibits 
strong continuous luminescence, which with lowering of temperature at —LSO^C, 
appears as four discrete bands with centres at about 21933, 22039, 23583 and 
23690 cm“^ respectively as shown in Table TV. In the case of quinoline, no such 
bands have been observed in the solid state at — 180'^C. The separations of the 
two strong bands and two weak bands are 1651 and 1650 cni'"^ revspectively. This 
difference may correspond to the w^ave number 1680 cm“^ assigned to a 83 ^, 
mode of naphthalene (Lippincott and O'Reilly, 1955). Probably, this typo of 
vibration makes the triplet -^singlet electronic transition partially allow^ed, so 
that the emission of the fluorescence bands takes place in the solid state at -180°C. 

(e) Infrared spectrum of solutions compared with the spectrum due to pure liquid 

Table V shows that the infrared bands due to pure tetraline reported by 
previous workers agree closely with those observed in the present investigfition. 
It can also be seen from Table V that some of the infrared bands of solution of the 
liquid in CSg observed by previous workers differ in intensity and position from 
those observed in the present work. Instead of the medium strong band 1255 
reported in Landolt-Bornstein Tables (1951), two weak bands 1240 cm 
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and 1280 cm-i have been observed in the present work. Also the relative strengths 
of the absorx)tion bands cSi)5 and SOO cm ^ reported in tlie 'fable seem to be reversed. 
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Infrared r?peetn]Tn ef tof ralin (liquid at 27°0.) 


000 800 1000 1200 1400 1600 1800 2800 ijuuu azw a 

Fig. 8. Infrared spectrum of 5% solution of totralin in CS 2 (cell .05 mm.) 
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It is observed from Figs. 7 and 9(a) & (b) that the relative strength! of the 
bands 1490 cm~^ and 1445 cm“* corresponding to C-H bending modes change 
considerably when the substance is dissolved in CCI4, the band 1490 om*^ bajjig 
stronger than the band 1445 cnr^ in the spcctriim due to the solution while it is 
weaker in the spectrum due to the pure liquid. Also the bands 2835 and 
2985 cm”S which correspond respectively to tiie hydrogen stretching modes in 
CHj and C-H groups slightly increase in sti^ngth wdien the substance is dis- 
solved in CCI4. No such change is observeddn the case of solution in CSj. So, 
it appears that the chlorine atoms of the solvent have some influence on the 
absorption due to C-H valance oscillations. 
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ABSTRACT. Tho scattering of low-energy neutrons by a potential V(r) = — (V 
[1-f is calculated by applying a method of Lanezos (1938) for solving the 

SchrOdihgor equation. Tho n(3utron strength function Tn^!^ which is the ratio oi‘ tho 
average valiio of m'titron width to lev^ol spacing is obtained from the scattering amplitude. 
That this analytic method of solution is fairly exact is borne out by tho fact that our results 
agree closely with the finding of Feshbach, Porter and Woisskopf (1954) who have solved 
numoricttlly tho difforontial equation with tho same potential. 

1 N T K O D U C T I O N 

A number of investigations (Feshbach et ah, 1954; Feshbach, 1958) have 
been made in interpreting the interaction of slow neutrons with a nucleus taking 
the nu(*lear potential to be complex. The resonance structure of neutron strength 
function has been first discussed by Feshbach, Porter and Weisskopf (1954) and 
t-hoy calculated the strength function with a complex square well potential. Later 
on Feshbach (1958) have solved numerically the Schrodinger equation with the 
Woods-Saxon potential and the results so obtained have nearly the same general 
pattern as those of the complex square well. The agreement with experimental 
findings is fair, Feshbach obtained for the value of VnjD at = 155, one maxi- 
mum whereas the experimental results indicate two small peaks. 

The object of the present paper is to solve analytically the Schrodinger 
equation with the Woods-Saxon potential for the case of positive energy states, 
the method employed here is due to Lanezos (1938) which we have already applied 
to solve the bound state problem (1960). Previously Lawson (1956) has obtained 
a solution of this problem in the form of infinite series the terms of whi(;h converge 
very badly, as such the solution of Law\son is not so useful in its application to 
physical problems. In our case if we take the solution up to eighth term the 
error in the differential equation is of the order of 1 in 10®. Our results agree 
well with similar ones of Feshbach (1958). 

In the theory of Feshbach, Porter and Weisskopf (1954) it is shown that for 
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very low energy neutrons the scattering amplitude averaged over resonances is 
given by 

... (1) 

This gives r„/D which is the ratio of the average value of neutrou widtli to level 
spacing and R'jR where R’ has the dimension of length and is a slowly varying 
function of energy. The magnitude of R' is of the order of iiucleai' diuieiisiou 
and it plays the role of scattering length; K . I’lie average total 

cross section (Feshbach H al., 1954) is 

= ^nR'*+ T„/i) ... (2) 


MATHEMATICAL FORM HL AT TON AND K K S U J- T « 

Tlxc interaction potential betweexi the neutron and the niicleuH in taken as 
V{r) = ^(V-^iW)\l-\ 1 


where H is a measure of the nuclear size and a is the diffusivity 7 >arainet(‘r. The 
Schrodinger equation for i = 0, scattering with the above potential may bo written 
as 


d^u 

dx^ l+Ae* 




0 


(3) 


where x =^rla; K'^ Ea^ ; =--- /I - =- f-«" 

The wave function u=r^ satisfies the necessary boundary ( onditions for 
scattering at ;r=0 and oo. 

In the region R ^ r < co we may write the solution as 

u^(x) = -- , ... (4) 

where is the scattering amplitude averaged over neutron resonance energies. 

We now make a transformation of the independent variable from x to 
p _ such that the new independent variable varies from 0 to 1. Tiien 

F± satisfies the differential equation 


X>±(JPj-) = p(p+l) 
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Applying the suggestion of Lanczos (1938) we now modify the differential equation 
by equating it to an error term propbrtiorial to Tshebysheff’s polynomial T^ip) 
instead of to zero. 


J^±{F±)^r±T^{p) ... (5) 

Let Tn[p) = ••• (6) 

Now wc put the finite series 

F ^ ••• ( 7 ) 

in the differential Eq. (5) and ooinparing the coeffi(dents of the same power of 
p on both sides of the equation wo get the recursion formulae 

l)(r+]=f 

T — an^[X^-^n^^2iK'7i\ ... ( 8 ) 

These relations will determine the coefficients Ur^ of the approximate solutions 
and the factor which estimates the error of the approximation in terms of Uq, 

In the region 0 < r ^ R we write the solution as 

... (9) 

where y — \/A^ I ; 

We make a transformation of the inde})endent vaiiable from x to q -- {a^ ^ 1 ) — 1 ) 
such that the new independent variable varies fj’oin Oto 1. Then /j satisfies 
the differential Ecp 

f/(«7+ 1) -l-(-Z+ 1 )(l J_2ir) =0 - (10) 


(neglecting terms involving ji 10~®) we take 

f± bo+bi^q-\-h,^^q^+...+b„^q" ... ( 11 ) 

and get as before the recursion formulae to determine hf-^ and t±' which estimates 
the error in terms of />y. 

T'±Br - fc,±l-A*+r{r:h2^■r)]+Ar+,^[(H-l)(»•^-]r^2^y)] 
T'±Bn~b^-„[—A^+n(n±2iy)\ ... (12) 

From the continuity of the solution u and its derivative we obtain 


r/o — e-2iK'xo 


[(Aa-CE)e2iyxo+(CF-AH) ' 
XB~a-DE)e^ ^ 7*0 +(I)F-BH) . 


(13) 
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where 

^ ~ X ar B — t, Or^ 

roiO raiO 


C -iX'A— X mr" 

r^l 


D = iK'B- X 

f«i 


E = :i hr+ ; F = i br 

r=o r«o. 

6^ — iyE-{- ^ ; H —~-iyE | X rhr‘~ ; 

1 

From equations (1) and (]3) we obtain the expression for and B'/R which 
are calculated with the follo%\ing values of the paramott'rs — 52MeV; W ~ 
3.12 MeV; i? = (1 .15.4^^^ | 0.4)10“^^ cm, a ~ 0.67 x cm. The parameters 
arc the same as taken by Feshbach et aL (195S) who o>)tHined the neutron strength 
function by numerically solving the Schrbdinger equation with the same pot(*ntial. 
The curves oiT«°/i) (normalised to 1 ev) and R'jR are j)iotted against mass number 



Fo)!, 1, Katio of neutron width to lev^l spacing. Hero Tn^fD is normalised 

to 1 ov. 
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so lOO 160 200 250 300 

/I 

Fig. 2. Ratio of potential scattering length R' to nuclear radiii.’j K. 

in Fig. 1 and Fig. 2 and compared with the experimental results. In the experi- 
ment the minimum in Vn ID between the two resonances is deeper than the theory 
predicts and the peak A = 155 is much broader, lower and irregular than that 
of the calculated curve. A better fit ofT’n®/Z> at ^ = 155 has been obtained by 
Margolis ef al. (1957) who has rej)laced the spherical square well by a spheroidal 
square well with the idea that the nuclei in this region are not spherically symme- 
trical. Similarly, in the R'lR curve closer agreement with the experimental 
results may be obtained for nuclei with A = 200 if the deformation of these nuclei 
is taken into account. In our curve of the two maxima occur at ^ =48 

and 155 whereas in the calculation of Feshbach (1958) they occur at -4 = 55 
and 155. Except for this shift of the peak point the two curves agree closely. The 
value of R'jR at about ^ = 43 is minimum in both the cases, but our value is 
numerically higher than that of Feshbach (1958); in all other regions the agreement 
between the two is good. Unfortunately there is no experimental result in the 
region ^ = 43 to indicate which one is superior to the other. In Fig. 3 we present 
for different elements the average total cross section (sum of elastic scattering and 
nuclear reactions) of neutrons of energy 600 eV in the unit of nR^, 
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The series solution given here has the advantage that the mini her of terms to 
be taken in the polynomial is determined by the degree of accuracy one desires in 



Fig. 3. Calmilatpd total cross section of neutrons as a function of niass nundxM’. 

the differential equation. For an accuracy of 1 in KV* in the differential e(|uati()n 
it is sufficient to take a polynomial of the order of 8 whereas it is nec(\sHary to 
take several times this number of terms to achieve the same aeeurat'V in Lawson’s 
(1956) series. 

We wish to thank Professor D. Basu for his many helpful eominents and to 
Dr. N. C. Sil for taking kind interest in the problem. 
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INFRARED AND THE VISIBLE 

S. V. KRISHNA RAO and P. TIRUVENGANNA RAO 
Physics Department, Andhra University, Waltair. 

(Received July 13, 1961) 

Plate XII A & B 

ABSTRACT. The spectrum of CoCl has been examined in the photographic infrared 
and the visible using both low and high dispersion. Several new brief systoiiiR have been 
observed in the visible region X 4600— X5100 A, and in the iihotographie infrared region 
X 6850— X 7950 A. Vibrational constants of the various systimis have been d(*rived from 
the analyses. The new systems, designated in this paper as F, C, H, 1 are observed to consist 
of single headed bands while the remaining systems »1, K, L, Nj, and O are observed to 
bo double headed. It is suggested that tho two systems Ni and Ny in the iihotograiihic in- 
frared might belong to two components of a ajl — transition. , 

INTRODUCTION 

The band spectrum of cobalt chloride has been investigated by several earlier 
workers, Mesnage (1935), More (1938). and Krishnamurty (1952). On the basis 
of high dispersion spectrograms, taken in the second order of a 21 ft. concace 
grating spectrograph, More (1938) gave vibrational analyses of three systems 
designated by him as 1, 2 and 3 in the region (A420()— A475()A). The bands in 
each of the three systems are single-headed and degraded to longer wavelengths. 
Recently, Krishnamurty has identified two more systems, designated as 4 and 5 
in the same spectral region. These consist also of bands degraded to longer 
wavelengths. In addition, Krishnamurty proposed the vibrational analyses of 
six groups of line-like bands slightly degraded to red in the region (A5350— AGOOOA). 
on the basis of a transition. His analysis was however based on measure- 

ments of plates taken under low dispersion, (25 —30 A/mm). 

In a previous paper (Rao et al, 1961) we have reported the results of a study 
of the spectrum of NiCl in the photographic infrared under high dispersion. In 
continuation of this work we have examined the spectrum of CoC!l in the photo- 
graphic infrared and the visible, both under low and high dispersion. This work 
has disclosed the existence of a number of new band systems of CoCl in the photo- 
graphic infrared region (A6850 — A7950 A), and in the visible region (A46(K)“ A5100 A) 
The structure and analyses of these new band systems are discussed in this paper. 

EXPERIMENTAL 

The spectra were excited both in a heavy current discharge from a 2000 
volt d.c. generator and in a high frequency discharge from a 100 watt oscillator 
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using an anhydrous B.D.H. sample of C 0 CI 2 . The spectra were photographed 
under low dispersion on a Hilger three prism glass Littrow instrument (17 A/mm), 
and also in the first and seccjnd orders of a 21 ft. concave grating spectrograph 
(dispersion 2.5 A/mm and 1.25 A/mm) using appropriate filters. Exposui'es of 
two to five hours duration were found necessary for obtaining the spectra on the 
grating, using Kodak l.N. plates and Agfa Igopan plates. Second order iron 
arc lines were used as standards for measurements of all grating plates. 


KKHULTS AND ANALYSTS 

All the five band^systeius observed and analysed by More (1938) and Krishna- 
murty, (1952) in the spectral region (A4200— A4750A) were photographed in the 
present work lioth under low and high clispeirsion. In tlie order of increasing 
wavelength, systems 3, 2, 4, 5 and 1 are designated as. A, B, 0, D, E respectively. 
The bands in each of the systems appear single headed and arise from a transition 
in wdiich A A ^ 9 in Hund’s case ‘a' or An =- 0 in Hiind’s case ‘c\ 

The six groups of Hue like bands (designated as M in this paper) observed 
and analysed by Krisiinaiuurty in the region (A535()— A«00 oA) were too weak 
to be photographed under high dispersion and therefore they are not ronsidered 
in the present work. In the spectrum of OoCl excited in a high frequency dis- 
charge from a 100 Watt oscillator wc have observed a number of now band systems 
in the region (A4600- Ar.lOOA). According to our analyses, based on a close 
s(rrutiny f)f both low and high dispersion spectrograms, the bands of CoOl in this 
region were classifi<*d as belonging to seven separate brief systems. Each of these 
systems is characterised by a strong Ac - 0 sequence with weaker Ar --1 or 
+ 1 sequence. In the order of increasing wavelength these were designated as 
F, O, Jl, I. J , K and L systems respectively. The bands in each of the systems 
F G H and I arc single headed, degraded to red and interpreted as the R heads. 
The bands in J, K and L systems are double headed and interpreted as the R 
and Q heads. The data and classifications of these bands are given in Table I. 
Low dispersion spectrograms of these seven systems are shown in strips (a and 
b) in Plate XII A, Fig. 1. Grating spectrograms of the prominent bands of the 
Strong A« = 0 sequence in (Ufferent systems are shown in strips (o, h andc) m 
Plate XII B, Fig. 2. In the bands of the weaker = ±1 sequences only the 
heads of the’ more abundant Co®®Cl species could be identified. 

In the spectrum of CoCl excited in a heavy current discharge from a 2(W 
volt D.C. generator we have observed two new systems of bands in the photo^ 
graphic infrared region (A6850-A7960A). The observed spectrum m he re^on 
(A6860-A7200A) taken under low dispersion can be seen from (0 in 

Plate XII A Fig. I, to consist of four characteristic groups of bands. Of these, 
^o sSngtr ^p. beginning at A = 7U7.oA and A7171.2A are identified as 
Ttwo aL » Juonoe. of two component, of. t,nn«t»n. The w^er 

^up. beginning .1 A - 6892-8A nnd A - 6941.2 me ldent« n. two An - 
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±1 sequences respectively. The double headed nature of the bands of this 
system designated as N(Ni and iVg) clearly from grating spectrograms 

shown in strip (d) in Plate XII B, Fig. 2. The data and classification of the 
bands are given in Table II. 


TABLE I 



Band heads of CoCl in 

the region (A4600 

-asiooA) 


Wavoiiurnix'r 

Int. 

Clas'sifioat^on 

Wavenumber 

Int. 

Classification 

Hvaiein — F 
2lfi40.4 

8 

0,0 

system — .T 

20358.4 

7 

1,0 R 

216.30.0 

8 

1.1 

20356.4 

5 

1,0 Q 

21230. T) 

5 

0.1 

20330.4 

6 

2,1 R 

2122S.2 

5 

1,2 

20337.7 

6 

2.1 Q 

21225.2 

5 

2>3 

10950.9 

0 

0,0 R 

iystttin — G 



10945.8 

0 

0,0 Q 

21335.1 

8 

0,0 

10027.5 

8 

1,1 R 

21320.0 

8 

l.l 

19925.1 

8 

1,1 Q 

21306.0 

8 

2,2 

systom— K 



20033.1* 

5 

0,1 

20279.6 

5 

1,0 R 

20023.4* 

5 

1.2 

20277.5 

4 

1,0 Q 

20014.2* 

5 

2.3 

20263.1 

5 

2,1 R 

systoni — H 



20260.3 

5 

2,1 Q 

21263.0 

10 

0,0 

10860. 7 

U) 

0.0 R 

212 ’^'! 1 

■r 

I 

1,1 

10868.1 

10 

0,0 Q 

21247.2 

6 

2,2 

19851.9 

8 

1,1 R 

20847.0* 

3 


10840.9 

8 

1,1 Q 

20842.0* 

4 

1,2 

system — L 



20832.7* 

4 

2,3 

19829.5 

9 

0,0 R 

20825 8* 

4 

3,4 

19826.3 

0 

0,0 Q 

sy.* 3 tem— I 



19804.3 

0 

1,1 R 

21372 5* 

3 

1,0 

19801.2 

9 

1,1 Q 

21365.2* 

3 

2,1 

19781.2 

7 

2,2 R 

21357.0* 

3 

3,2 

19779.2 

7 

2,2 Q 

20960.1* 

7 

0,0 

♦Measured on low 

dispersion 

plates only. 

20963.4* 

5 

1,1 














KRISHNA 











559 


The Spectrum of CoGl in the Photographic^ etc 

In the region (A7600 --ATOSOA) a weaker system (designated as 0) shown 
in strips (c) in Plate XIT A, Fig. 1 and (e) in Plate XII B, Fig. 2, has been 
observed. The strong group beginning at A ~ 7882’4A is identified as the 
Ar = 0 sequence and the weaker group beginning at A ~ 7612.2 A as A?’— + 1 
sequence. In the Av — 0 sequence tlie R and Q heads are identified while in 
the weaker Av = + 1 sequence only R heads have been identified. The data and 
classifications of the bands are given in Tabl|& II. Table III summarizes the 
vibrational constants of the different band systj&ms of Co(fi. 


TABLE II i 

Band heads of CoCl in the rogiort (A(5850-A7»5()A) 


Wavonurabor 

Int. 

Classification 

Wavciiiimbor' 

Int. 

(MassiOcation 

system — Ni 





14603.0 

4 

1.0 K 

13168.1 

4 

!,(► R 

14501.4 

4 

1,0 Q 

1.3130.8 

6 

2,1 H 

14483.3 

4 

2,1 K 

13098.8 

6 

3,2 U 

14(480.4 

6 

2,1 Q 

12683.0 

7 

0,0 R 

14461.6 

6 

3,2 H 

J2674 6 

6 

0,0 Q 

14469.0 

6 

3,2 Q 

12668.6 

8 

1,1 R 

14047.0 

3 

0,0 n 

126.50. 6 

7 

1.1 Q 

]4()44.2 

3 

0,0 Q 

1 2628. 2 

s 

2,2 R 

14031.2 

.5 

1,1 K 

12621.8 

8 

2,2 Q 

14026.1 

6 

1,1 Q 



—— 


14012.4* 

L 

2,2 Q 

**Siipcr|>o.s(*(l by atomic lim*. 


system — 5^2 






14402.8 

4 

1,0 Q 




143R0.4 

5 

2,1 Q 




14.389.7 

5 

3,2 Q 




13940.8 

4 

0,0 R 




13937.7 

4 

0,0 Q 




13924.1 

Ti 

1,1 R 




13920.3 

7 

1,1 Q 




13904.0 

6 

2,2 R 




13809.7 

10 

2,2 Q 
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TABLE III 

Summary of the vibrational constants of CoCl 


W»iv(i miinbnr 
Of 


SystnFii 

tho (0,0) banO 

we' 

xo'we' 

wo" 

xo"wo" 

A 

22066.2 

420.0 

1 66 

00 

1.34 

B 

22402.7 

416.6 

0.82 

419.4 

0.28 

C 

22182.5 

401.0 

— 

416.2 

— 

D 

22072.3 

410.2 

— 

416.4 

-- 

E 

22014.8 

420.0 

1.14 

421.2 

0.74 

F 

21640.4 

408.0 

— 

409.0 

—0.45 

O 

21.3.35.1 

391.2 

2. 15 

407.1 

2.55 

H 

21263.9 

413.2 

2.00 

416.8 

0.38 

T 

20969.1 

405.0 

0.80 

409.0 

— 

J 

19945.8 

408,6 

—1.00 

431 .0 

— 

K 

19868.1 

408.4 

>-0..50 

428.0 

— 

L 

19826.3 

— 

— 

— 

— 

M 

J 7484.1 

412.3 

— 

4IC.0 

— 

Ni 

14044.2 

462.5 

2.65 

482.6 

3.65 

No 

13937.7 

467 6 

1.25 

484.3 

0.90 

O 

12683.0 

478.8 

1.38 

49S . 4 

— 1 .0.5 


DISCUSSION 

From the magnitude of the vibrational constants of the up]>er and lower 
states, More (1938) has suggested that systems A, B and E might belong to a 
triplet-triplet transition, with intervals of 390 and 562 cm-^. After the ientification 
of two more systems C and D, Krishnamurty considers that systems E, T> and C 
wuth separations of 55 and 110 cm“^ may better be represented as belonging to 
an electronic triplet, while A and B may be identified as two component systems 
of a triplet-^ triplet transition. According to us, each of the brief systems A to I 
consisting of single headed bands arises from a transition with A A — 0 in Hund’s 
case (a). However in view of the large multiplct splittings known in the ground and 
low excited states of Coj, it is possible that they are all separate systems with 
Aq — 0 corresponding to Hund's case (c). This view is supported by the fact that 
Heimer, (1937) from a detailed rotational analysis of CoH bands, has previously 
identified the A-^X transition in CoH as D = 4-> = 4 with Aq = 0, corres- 

ponding to Hund’s case (c). 
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The characteristic appearance of the Nj and N 2 systems observed in the plK>to- 
graphic infrared region (A()850-A72()()A) sliown in strip (d) in Plate XII B, 
Fig. 2, would suggest that they may arise from two components of a ^1' — 
transition. The magnitude of the vibrational constants of the upper and lower 
states, the observed double headed nature of the bands, and the close proximity 
of these two systems lend support to this view. Howevei*, both the upper and 
lower states of this ^11 — transition do not correspond to those obsei’ved already 
in the visible region. They appear to belong to two different excited states of 
the CoCl molecule. A similar situation is also ol^sorved in the band systems of 
MnF, MnCl and MnBr in the ])hotograf)hic infrared. 
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ROLE PLAYED BY AMMONIUM SALTS IN THE 
CLEARING OF NUCLEAR EMULSIONS 
0. N. KAUL 

Saha Instititte of Hucleah Physics, Calcutta-O. 

{Received Mtmdi 14, 1961) 

ABSTRACT. Tho offoot of tho addition of varions anmioninm Balts tainmoniurn cblo- 
rido, ainmoiiium sulpliate, and aminoniiini acetate) to the usual hypo solution on the clearing 
time or nuclear oniulsionH and also their induonee on the e:rain size and the shrinkage factor, 
have biHUi investigated in view of some (contradictory n^sults reported by various authors in 
recent years. 'FIk- addition of th(‘ atnmoninni salts has been found to cause a decrease in 
the cl(‘nring tiiin*, and tlien a slight incrtuise after attainment of the ojitiinum (concentration. 
Tho addition of ammonium salts, howtwer, has beem found to have no eficct on Uie grain size 
or the shrinkage factor of nuclear emulsions. Hesults obtained have also beem I'Xplained 
on the basis of th(' curr(>nt theory. 

Thick oniulsions netjessitate longer clearing times, and this prolonged fixation 
leads to severe distortions in nuclear emulsions. As such, the metliods for decreas- 
ing the clearing time have been studied by various authors, and it has been found 
that the addition of ammonium salts to hypo decreases the fixation time consider- 
ably, because the ammonium salts of hypo arc better complex forming salts with 
silver halides than the sodium salts of hypo. 

2 NH,Cl+Na 2 S 203 tZ” i H~2NaCl 

Ammonium salt of hypo 

Piper worked on this pjroblcm, and investigated the change in the clear- 
ing time of thin plates with a change in the concentration of ammonium salts. 
He reported a fall in the clearing time with an increase in the concentration of tho 
ammonium salt, till an optimum concentration is attained, after which, the clear- 
ing time has been reported to increase again. Also, according to him the < < Cl> > 
ion in ammonium chloride is responsible for eating up the developed grains, near 
the surface of the emulsion. 

Prakash et ah (1958) reported a contradiction to the observations made 
by Piper. According to them, the clearing time decreases up to an optimum 
concentration of the ammonium salt, after which it remains more or less constant, 
and does not have an appreciable rise as reported by Piper. 

In view of the above contradictions the author found it useful to take up some 
work in this direction. The observations and the results thus arrived at are 
reported in this paper. 


662 



Role Played by Ammonmm Halts in the Clearing, etc. 563 


EXPERT M R \T T' X. P K () E DURE 

The ammonium salts selcoteil .vere ammonium olilori.le, ammonium acetate 
and ammonium sulphate. The first salt was selected, because in addition to am- 
momum thiosulphate the chlorine ion concentration affects tlie diffusion rate of 
t^e fixer, and therefore, may suppress the reaction and also I.ecause it .d'fers a 
direct verification of the observations made by Piper and those due to Prakash 
et ui. Ammonium sulphate ami acetate were sid.-ced so as to stmly the 
effect due of any other two suitable ammoniiun .salts, not tried so far. 

For this work Ilford K.^ plates of H»o, 2(M>, and 40t) microns, and also Ko and 
Gj plates of 200 micron thickness wore usetl. so as to study the effect on the clearing 
time by a change in the thickness and type of the emulsion. Further, the experi- 
luonts were (jondiicted in tlie following stiigog : 


1) Effect of the idiange in the concentration of ammonium chloride on the 
clearing time of Ilford 100 micron plates Ivjand was studied, using different 
concentrations of hypo. Jdates v\oic diicctl> put in the fixing solution maintained 
at 17'^C. Care was taken to see that the level of the fixing solution is same in 
all the three cases. The results arc plotted as sliowri in Fig. J. 



Uig. 1. Tho percontrgo rnnonntration of NH 4 (’l against tho cloaring tiint* in niimitf s 
for diffcront ooncoritrations of hypo for 100 plates Ko & Or, (lomporaUiro 17°r). 


The curves show^ a fall upto an optimuru value of concentration, and then a 
rise, although the rise is not as pronounced as reported by Piper. Moreover, 
a shift in the j)osition of optinuini concentration was ol)served wdth a (change in 
the hypo concentration, as shown in Fig. 1. (Change in the type of emulsion, how- 
ever, has been found to have no effect on the clearing time of the emulsion. 

2) Secondly, the change in the clearing time of Kg and 200 micron plates 
with a change in the concentration of the three ammonium salts was studied. A 
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fall, and then a rise has been observed in the ease of all the three curves, for am- 
moniiirii chloride, ammonium sulphate and ammonium acetate. The rise is more 
pronoiuK^od in the case of ammonium chloride than in the case of other two am- 
monium salts. Results, which have further been found to be independent of tlie 
type of emulsion used, are represented in Fig. 2. 



Fig. 2. Porooniago oonooni.ration of \ ariouM amiHoiuiiin salts (‘louring f iino in minutos 
for 200 TIford Ko & Ko plat -r temporaiun* during Hearing ]7"'C bypo concon- 
( ration in <‘hc1i solution 40% 

3) Thirdly, the effect of the emulsion thic kness over the percentage reduction 
in the clearing time was investigated in the case of plates for all the three 
ammonium slats. The curves weuv found to have a fall up to 200 rnicu'ons in all 
the cases excepting for ammonium chloride where the fall persists beyond 200 
microns. These results are plotted as shoAvn in Fig. 3. 


ItFSUT.TS’ and DTSCUSSTON 


Tlie results may be diseussed in light of the three stages of observations men- 
tioned above. 

1. The j-ise and fall of curves shown in Fig. 1 can be accounted for as 
follows : 

Ammonium salts of hypo being better complex forming salts with silver halides, 
as compared to sodium salts of hypo, any increase in the concentration of the 
ammonium salts should dec.reaso the clearing time. 

2NH4Cl +Na2SA (NH4)A03+2Naa 


Complex formation | 3 (NH 4 ) 2 S 203 +AgBr tzZ; 


(NH4),[Ag(S203)3l 

i +NH4Br 

Ag complex 
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The optimum concentration can he explained on the basis of the reversible 
nature of the reaction, and so also the shift in the position of the optimum \vith 
respect to different hypo concentrations. The rise in the curves may be explained 
as being due to the fact that higher complexes of ammonium thiosulphate and silver 
halides are unstable as com})ared to the higher complexes of sodium thios\ilphal(\ 
and silver halides. The clearing tiiiii*, liowever. is independent of the type of tlic 
emulsion as is expected. 



Thiokno^^ of fcho oinimilHion in /xin 
3. Emulsion Uiickuoss V» % roil notion in th«‘ i louring; t ime*. 

2 ) A fall, and then a rist^ in the curves is ol)tain(Ml in case ol all the tln*eo 
aininotiical salts, as is cxplainefl on tlif basis of Mk' i-xplanations j^iven above. 
The more pronounced rise ()bsorvo<l in Uic case of ammonium c.liloridc ca)i be 
explained as being due to the, prcseTice of -<< 01 ) -> > ion which offeots the late of 
diffusion, as chlorine harden the gelatine of tlic ('nmlsion, thereby increasing the 
clearing time by effecting the diffusion rate. As this iactoi is absent in the case 
of other two ammonium salt s, the rise is not as ])rorKmnecd in their ease, 

3) The percentage fall goes on decreasing in the case of higher thicknesses 
for NH4CI, whereas for other salts it remains constant after 2(K) microns. I’hc 
reason for this is that upto 200 microns the diffusion velocity of the fixing solution 
decreases with an increase in the thickness, and hcuice a fall in the curve. In 
case of ammonium chloride this eflect persists beyond 200 microns, because of the 
contribution of the <<01 > > ion, which, however, is not the case with other 
ammonium salts. Also, the diffusion velocity becomes independent of emulsion 
thickness beyond 200//m. which explains the flatness of the curves beyond 200/tm. 

Effect on the shrinkage factor and the gram size: 

Effect on the grain size was investigated so as to find out whether or not 
the chlorine eats away the developed grains at the surface as reported by Piper. 
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For this, the grain size at the top and the bottom of the plate was found in case 
of pure hypo, and hypo with each of the other ammonium salts. (The optimum 
concentration being used in each case). The plates of the same type wei e simul- 
taneously put in the four different baths and the fixing carried out undei* the same 
experimental conditions. The observations regarding the shrinkage factor and 
the grain size are shown in Tables I and II 

TABLE 1 


Observations regarding the shrinkage factor 


Plato fchio.kiioHs 
in li>\\\ 


»Shriiika.jL?e 

fat* tor 


Puro bypo 

Ifvix* witl. ojitiiinmi concrn( tnl.ion of 

r/ .VO, NlIi(!.J>ni 

100 

2.00 

2. Mi 

2 . 0.5 

2.04 

20() 

2.50 

2.00 

2.4 

2 72 

400 

2.7,5 

2 . 50 

2.;5(» 

2.7.5 


TABLE II 

Observations regarding the grain size 


(rniiii sizn 


ThicKruvsM 
ol‘ tlio plate 

Siirfa<’(‘ 

of 

Fhm' 

Ifypo having 

optiinuni (onoent ration of 

in fim 

cmul.sion 

hypo 


(A7/4)o.SY>, 


100 

Hottoin 

r» 

0.75 

0.5 

(i.5 


Top 

0..'> 

0.50 

0.5 

0.5 

2(W) 

Mot torn 

0.7.5 

0.75 

0.5 

tK75 


Top 

0.7.5 

0.75 

0 75 

0 75 

400 

fiottoin 

0.5 

0.75 

0.5 

0.50 


Top 

0.75 

0.75 

0.75 

0..50 


The study of the shrinkage factor, and the grain size reveals that within the 
allowed statistics, the shrinkage and the grain size is in lU) way affeeded by the 
addition of the ammonium salts. It also contradicts the hypothesis that chlorine 
is responsible for eating away the emulsion at the surface. The optimum concen- 
tration of the various ammonium salts used by the author are 1.5% for ammo- 
nium chloride, 2.5% for ammonium sulphate and 2.5% for amonium acetate. 
Relative study of the suitability of these salts as regards the clearing of thick 
plates : 

For thick plates the clearing time depends predominantly upon the diffusion 
velocity of the fixing solution, as against the thin plates. Consequently then 
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pH value of the fixing ablution becomes an important factor. To make a relative 
study of the usefulness of these salts as reganls the (flearing of thick |»late8, pH 
values of the various concentrations <jf these .solutions m ere calculated by the. usual 
formulae, Vogel (19.58). The results are sluovn in Table TTI: 

TABLE HI 

Observations regarding clearing time 


CoHc. of 


amni.salt% .5 

1.0 

l.f) 

2.9 

2.r» 

n.n 

:hri 

4.0 

pH-or(NIT4)o tSOi- 
(optm. conc.)-!- 
hypo (40%) r».3 


r>.8 

h.9 

T) . 7 

T) . 0 


0.0 

pH ofNHjCoOoH,. 

(optni. oonc,)-j- O.S 

hypo (40%) 

0.8 

0.0 

(i.O 

7.4 

7 . S 

7.0 

8.1 

pH.ofNH4n 

(optrii oonc*.)-! 0.1 

o.r> 

0 . 7 

li.S 

0.2 

r».7 

T). 1 

5.2 


hypo (40%) 

The table clearly shows (hat the })H value of liyjx) f ainm. sulphate and also 
hypo-j-amm. chloride solution is well uithin the zeid region, thus ensuring a high 
diffusion velocity, and the ])H value ofaium. acetate being in tin; basic region, 
it does not have a high diffusion velocity, 'rhcrel'ore, arum, acetate | hypo is 
not as suitable for clearing as the other two .salts. Arum, sulphate, however, has 
been found to be most suitable for this ]>urpose. 
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DIRECTIONAL PROPERTIES OF EXTENSIVE 
AIR SHOWER ARRAYS 

A. BHASKARA RAO and P. S. GILL 

J)Ki»\irrMi!:NT of phyhkjh, Muslim Univkrstty, Alioarh 
(Recpived July 12, 1961) 

ABSTRACT, Tho simple extensive air shower array proposed by Shen and Singer 
(1957) for which they elaimod about 00% diroetioiial efficiency, has been tested by two groups 
of ])hyHioisift, McClusker et al. (19r>9) and Layson et al, (19G0), using it in conjuncTion with 
cloud ehiimbors and scintillation counters, respectively. They eonchidod that the proposed 
8(3t up has got very poor officioiuiy in selecting showers in ])refeiT('d dirt‘ctions. It is pointed 
out that thf‘re are some significant differences betwet^n the results of various nulhors. on this 
problem and that it is possible to make further im])rovements in the porformanct' of the de- 
vice, besides tho two meth<^ds suggestoil by MeCuKkei* rf aL {1959). 

I N T K 0 D U C T ION 

Shen and Singor (1957) proposed a simple extensive air shower array consisting 
of three G. M. counter telescopes, placed at the vertii^es of a triangle, for which 
they claimed a directional efficiency of 90%. This arrangement has been tested 
by MoCukcr et al., (1959) using a similar unit in conjunction with two cloud 
(diarnbers. From their experimental results they (joncluded that there is no great 
improvement in the angular resolution of the apparatus suggested by Shen and 
Singer, and it is not of much value in looking for anisotropy in the high energy 
jirimary cosmic radiation. Their results indicate that the vertical arrangement 
leads only to 7% (or at the best 14%) enrichment of showers coming from tho 
near vertical direction. But our results (Bhaskara Ilao and Gill, 1960), obtained 
during the course of an investigation on the influence of geomagnetic field on ex- 
tensive air show^ers at Gulmarg, suggest an enrichment value of the order of 55%. 
With a view to check our Gulmarg data, a similar experiment has been conducted 
at Aligarh (alt. 680 ft.), again wdth two telescopes. The experimental results 
give an enrichment figure of 54% which is very high when compared to that of 
McCusker et al. Moreover, McCusker et al., contented that there is no serious 
disagreement between their owm results and those of Shen and Singer. Even 
this contention is not justifiable as shown at a latter stage. Further, their results 
are in disagreement not only with our results, but also with those of Shen and 
Singer and of Rathgeber (1959). Although the experimental results of Layson 
et al. (1960) agree well with their theoretical calculations, their shower data do not 
seem to follow the w^ell established cos W law. Finally, whatever might be the 
actual directional efficiency and usefulness of the shower array proposed by Shen 
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and Singer, the observed discrepancies are very significant and worth consideration. 
Further slight improveruents can be made in the deviiH‘. 

R X P K R T M K K r \ h 

The arrangement used consisted of two fl.M. counter telescopes of semianglo 
10'', with two trays in each. Each tray consisted of four counters connected in 
parallel. The telescopes could be tilted independently around any axis. All 
other details of the experiment were exactly the same as mentioned in our paper 
(Bhaskara Rao and Gill, 1960). 

The separation between the telesc^opes was 4{)m. Fourfold coincidences were 
recorded in the East-West and North-South (janes, the telescopes being fixed in 
three positions, vertical, 45" zenith angle and horizontal, in rotation. The posi- 
tion of the telescopes was changed from the E-W plane to N-8 plane and vice 
versa for every tw'enty days. The data were cori't'ctod for prc'.ssurc and ttuu- 
perature variations using // ^ — 10% cnr^Hg., and Or 0.3S% per degree C, 
rospectivedy. Then the avf'rage of the shenver rates in the two planes was cal- 
culated. 

R K S U T S A N B D I 8 S s? I () N 

FTcrc four instances are given, including our own results at Aligarh, to ])oint 
out the large discTopancios betweem the results of various authors. 

(A) The shower rates corresponding to 40 m separation of the telescoi)es 
w'ere given in Table 1. 


TABLE 1 

(coincidence rate vs. zenith angle 

Avornfi:^ 

Zniitb rHt< 

‘^5’ p(‘r hour 

0- 4.9HJA>.U8 

4rr .3.69^ 0.07 

2. 30 £0.00 

Percentage enrichment — ^ X 1^^% “ 

Where V = Coincidence rate with telescopes in the vertical position, 

H = Coincidence rate in the horizontal position. 

Here it should be remembered that the experimental results of McCusker e< ah, 
actually give only 7% enrichment which is very low when compared to our value 

of 64%. 

(B) Some of the experimental results of Rathgeber, 
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TABLE II 

Shower rate in counts per hour 


Zonifrh 

Z’ 


0 " 

1 ) 0 ^’ 


Oountt'rs in oat^h tt^losijope. 


(X) 

2 nonntors 
1.9610.29 
1.2r>±0.23 


(Y) 

3 countorH 

1.56-10.27 

0.7710.16 


From the columns (X) and (Y), enrichment values can be calculated as 36% and 
51% respectively. Evidently, there is large difference between the enrichment 
values of McCusker et al., and Rathgebcr. 

(C) Comparison of the experimental results of Shen and Singher and Mc- 
Cusker et (iL 


TABLE TIT 

Experimental determination of zenith angle distribution 


Sf^paration 
hotwofn tlu' 
extrorno 
ooimtors in 
cnis. 


DifforoiKM^ 
of efft'ot ivo 
zenith arigl<‘ 

Six fold 
(•()inoi<Jenc(‘ 
rate 

per hour 

I’tncenlage 
ihfh'reiiee 
in the 
coincidence 
rate. 

(i) 46.2 

6.3° 

Shen and Singer 
13.2° 

().30±0.020 


(ii) 14.8 

10.5° 


0.46i0.025 

05% 

(i) 67.0 

(ii) 15.0 

5.6° 

24.8° 

Me(^isker et ul., 

19.2° 

0.605 + 0.039 
0.692^0.029 

14% 


The experimental set up used by McCusker ei aL, was just similar to that of 
Shen and Singer. Shen and Singers’ results show a difference of 55% in the 
counting rate for a difference of 13.2® in the effective zenith angle, whereas those 
of McCusker et al., show only a variation of 14% for 19.2® difference of effective 
zenith angle. In fact McCusker et al,, should have observed a difference larger 
than 55%. Moreover, McCusker et al., contented that their experimental results 
are not in serious disagreement with those reported by Shen and Singer. From 
the above table it is easy to see how' they are not justified in their contention. 

(D) Experimental results of Layson el ai.,(1960) : 

The directional response of the same set up was also tested by Layson et al., 
using it in conjunction with the Sydney air shower apparatus. Although they 
claim that their experimental results are in good agreement with their theoretical 
calculations, their data do not seem to follow^ the well known cos^^ law. The 
zenithal distribution of showers given by them in the form of histogram, (corres- 




Directional Properties of ExUnsive Air Shower Arrays 571 

ponding to ail «howers) is compaml with the .listrihution ehlained hv MeOusker 
al., with the help of cloud chambers. Even if the directional elliciem v of the 
^stem were to be low the observed data should have followed tin- <■<.«’'« law. 
Data obtained by McCusker, e( al, follows tlie theoretical distribution well, but 
the h*8togmm given by Layson et al., is much .lifferent from uhat it ought, to 
c. rom Fig. 1(b) it can be seen that the telesc«^)ic system records more showers 
at arger zenith angles (from at an inteiwal of f, ) than from the vertical 

and near vertical i.e., 0°-5°. In particular the showei' rate at id' — is four times 
the rate at 0°-5l This discrepancy is of very serious nature, which requires 



Fig. I. rh<3 rroqiKincy of showorK of ditTeroiit zoiiith aiigloH Mitting off tlit* nrrangoiiiont. 


some explanation. Rossi (1960) attributed the hat distribution of showers 
observed at Alto (alt. 4100m; shower size (I (F N < y 10’) to the fact that tlie 
showers are still near their maximum development. But the same arguments 
cannot hold good in the case of showers recorded at Sydne^y. 

In view of the significant discrepancies in the experimental results of Mc- 
Cusker et al., and other workers, and the irregularities ofbasie value in the zenithal 
distribution of show^ers recorded by l,»ayson et al.. one should be cautious in 
drawing a quantitative conclusion regarding the directional efficiency of the show er 
array. It is to be emphasized that the direcjtional efficiency of an array decreases 
at larger zenith angles because of the nonuniformity of the side shower batikground. 
McCusker et al., suggested two w^ays to improve the performance of the device. 
This can be still improved by using sets of tw^o or more counters connected in 
parallel, in the telescopes, instead of single counters, at the same time keeping 
the aperture of the telescopes constant by adjusting the separation between the 
upper and lower sets suitably. This offers larger sensitive area for shower particles 
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coriling witlun the defined aperture of the telescopes arid helps in reducing the 
percentage background of side showers from zenith angles, other than the defined 
aperture, in which we are not interested. This background can also be reduced 
by increasing the multiplicity of coincidence from six to nine, with a third set of 
counters in between the upper and lower sets of each telescope. 'These modifica- 
tions do not have any significant effect on shower particles falling within the defined 
ftngle, but considerably reduce the background. 
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UNLIKE MOLECULAR INTERACTIONS FOR CO.-Na 
AND A FEW OTHER GAS MIXTURES 

H. K. SAHOO AND M. N. SHARMA 

T)EPA7iTMKNT OF PHYUirs 

Lucknow UNTVRRSiiY 
Lucknow 

(Bevehed Avgust 21), 1061) 

ABSTRACT. A study of unlilu^ molooulai* intor|teIion for ^ns mixtiin's oompoHod of 
SGVOriil slightly iion-splK^rical triolocnikis and also for inixtiuros having norj-spIuM*i(*al and spliori- 
cal moloculoH has been done from the obsc‘i'vt‘d h^mpei’aturo depondeii(*e of second virial ('oefii- 
ciont and thermal diffusion factor, assuming a Lennard-JoTies ( 12 ; 6) potnnl ini energy function. 
It has been found that this potential energv' fun<*1ion which is strictly a]>plicable to spherical 
molecules can be applied with success to discuss properties of gas mixturt's comtiosed of mole- 
cules which deviate slightly from spherical symmetry, j^'uither, the vaha^s of the })otential 
parameters indicate the inadeipiacy of simfile combining rules for the case of gas mixtures 
considered here. 


1 N T B 0 1) tr 0 T I 0 N 

Tiic influence of Mie Isuv of molecule, r inleri’.ctioii on pcopertieH ol giises and 
gas mixtures is well known and in prinei|)!<*. inloi’ination alxuit the potential 
parameters for like and unlike interactions should he ohlaim'.hlc from the experi- 
mental dcterniinations of various hulk |)ro]terties i“,s r, tiinetion ot tem])eratUTe. 
Unfortunately, the experimental data for gas mixtuies which might lead to a 
knowledge about the forces between unlilu! molecules aiv very meagre. In many 
cases, the measurements are confined to a single tem])eratnre and hence; are un- 
suitable for obtaining any reliable information about intermoleciilar forces. Thus, 
generally, for a proper understanding and evaluation oi’ these forces between 
unlike molecules, use is made of certain empirical combining .uh-s, involving the 
force parameters of pure components, which have no theoretuial justifieatum. 
Further, tliese simple combining rules may be valid for central force fields but are 
certainly not appropriate when we wish to treat molecules like COj. Thus, it 
is very useful and desirable to study the unlike molecular interactions from the 
tompCTature variation of properties of gas mixtures wherever such <lata are avail- 
able. 

For discussing and correlating the different properties of gases and gas mix- 
tures various formulated expressions for the potential energy function are utilized, 
such as the Lenuard-Jones {12:6) and the modified Buckingham (Exp;6) functions. 
The (Exp:6) function is said to bo more realistic and more flexible, but both ot 

57.1 
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them had practically the same success in predicting the properties of gases and 
it is difficult to cstahlish the superiority of one potential over the other as has 
been concluded by Madan (1955), Mason and Rice (1954) and DeRocco and Hal- 
ford (195S). However, the (12:6) potential energy function is definitely mucli 
simpler and easy to handle and has, therefore, been widely used. 

Srivastava and Madan (1953) utilized the temperature variation of thermal 
diffusion factor for the study of the law' of molecular interaction for some gas 
pairs on the (12:6 model. Later, 8rivastava and Srivastava (1957, 1959) and 
Srivastava (1957) used the properties of interd infusion and thermal diffusion, 
mostly of rare gas mixtures, for this purpose on the (Exp:6) model. The assump- 
tions in the theory make both the potential energy functions strictly applicable 
to spheri(tally symmetric molecudes, such as those of monatomic gases at moderate 
]>ressures. When the molecules of p. gas are not spherically syrnmetri(% there are 
great mathematical difficulties in discussing their properties rigorously and there 
is no completely adequate analysis of inter molecular forces between asymmetric 
{)olyatomi(! molecules. Hf)wever, the theory baser! on the above mentioned 
potential energy functions has had success in (jorrelating transport phenomena 
in polyatomic gases and the assumptions may not be a severe limitation as has 
boon discussed by (Chapman and (k)wling (1952). It is also seen that, rather 
high asymmetry is re(|uii'ed before deviations from the force law' applicable to 
spherical molecules become appreciable. Thus, the same law can be taken to 
describe tlu^ properties of molecules which are slightly non-spherical and for all 
practical pmqioses, such derivations will be quite aderjuate. Further, they 
w ill also })rovidt‘ a means of extrapolation and interpolation of the existing data 
into regions of higher or lower temperatures. 

In the j)reisent paper, we have used the (12.6) model to study the law of mole- 
cular interaedion involving unlike molecmles and have chosen two sets of binary 
gas mixtures. The one consisting of mixtures of diatomic, gases with a common 
polyatomic gas siujh as mixtures of Ng, Og and CO with CO2 of H.^ wdth BF3 and 
the other consisting of a monatomic gas with diatomic gases and also with a poly- 
atomic gas such as mixtures of A wdth N.^, Og and CO^ and of Kr with No. The 
latter set is interesting since it involves an interaction between spherical and 
non-8pheri(;al molecules. 

Recently, Cottrell et al. (1956) determined the second virial coefficients of 
the mixtures of COg with iV.^, O2, CO and A, Grew et al, (1954) have reported the 
experimental data on thermal diffusion of CO.^ — A — N.^, Kr— Nj, and A — O2 
and several other gas mixtures while Raw and Kyle (1956) have reported data 
on Hg — BF3 mixtures. We have utilized here both these sets of data for deter- 
mining the potential parameters. For the gas mixtures chosen, there have been 
practically no attempts to estimate the potential parameters, in particular, using 
second virial coefficient and thermal diffusion factor and to correlate the experi- 
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mental data with the theory based on the Lennard-Jones (12 :6) potential. The 
thermal diffusion of A — Ng mixture has, however, been used by Srivastava and 
Srivastava (1957) for an (Exp:6) model and the diffusion data of CO^ — N.^ and 
COg-'Ogj mixtures by Walker and Westenberg (1958, 1960) for a (12:6) and an 
(Exp: 6) model but an equilibrium property like the second virial coefficient 
has not been previously used for this purpose. Although the observed data 
for second virial coefficient are not too extensive in view of the experimental 
difficulties and limitations of measurement and ulso as this is the only data avail- 
able for gas mixtures at more than one temperalure (the other measurements are 
mostly at a single temperature and hence cannot he used in finding tlie ])aramet ers) 
it is considered worthwhile to examine these data and make the best possible 
use of them. 


T H R () R Y A NT D F <) R M H L A R 

Tlie second virial coefficient for a gas mixture is given by the relation 

where r,, x^. are the mole fiaetions anrl second virial coefficients of 

components 1 and 2 and is the interaction second virial coefficient having a 
direct relation to the law of unlike molecular interaction through the reduced 
second virial coefficient B* given by Hirschfelder. Curtiss and Bird (l}»r)4) 

Bn - bnBn*(T*) 

- 


as 

where 


The parameters and r,^ are the depth of the potential well and the separation 
distance for zero potential energy for unlike molecular interaction. 

The general expression for thermal iliffusion factor is (pute complicated and 
moreover, different theoretical expressions are available for this quantiy such as 
those of Chapman and of Kihara. Kihara's expressions are much simpler than 
the corresponding ones of Chapman and arc more accurate as has been observed 
bv Srivastava (1957) and many others and have therefore been used here. 
[arJi, Kihara’s first approximation formula for thermal diffusion factor may be 
written in the convenient form 

••• (») 


where g is a complicated expression involving molecular weights, (composition 
and collision integrals for which reference can be made to Srivastava (1957). 

The principal contribution towards temperature dependence of thermal 
diffusion Lto through the rrhich involve. -"V 

mter»ction.. The feotor g depend, only .lightly on teinpernture. Thi g 

6 
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variation hardly shows any definite trend and is itself liable to uncertainties 
on account of various errors as has been observed by Srivastava and Madan 
(1953). Further, even if this variation is considered and is taken account of, as 
has been done by Srivastava and Srivastava (1957) and Srivastava (1957), the 
results do not show any appreciable variation, the deviations being well within 
the limits which result from considerations of the effect of the error in the experi- 
numtal measurements. Thus |ay]i varying as (66’*— 5) is (juite reasonable for 
all paraclical purposes. 

D E T E K M I N A T J O N O E POTENTIAL P A K A M E T E K S 

The methods of determining the potential parameters from the experimental 
data have been discussed recently by Srivastava and Srivastava (1959), Whalley 
and Schneider (1955) and Strehlow (1953) and others. They mainly consist of 
(1) graphical ratio method used successfully by Srivastava and Madan (1953), 
Madan (1955), (1957), Sharma and Madan (1960) and Bunde (1955); (2) the trans- 
lational method of Keesoin (1912) and Lennard- Jones (1924); (3) the intersection 
method of Buckingham (1938). The translational method reiiuires data over a 
large temperature range and unless there are some distinguishable peculiarities 
in the (uirveashas been discussed by Srivastava and Srivastava (1957). a multitude 
(jf translations is possible and the method fails. The intersection method requires 
accurate data for only a few temperatures which need not extend over a large 
temperature interval but the data must be highly accurate, otherwise it is impos- 
sible to determine the intersection point. Thus, for most cases, the first method, 
that is, the graphical ratio method, is quite adequate and suitable for examining 
and reducing the experimental data api^ropriately and deducing the potential 
parameters therefrom. The method is described in detail by Srivastava and 
Madan (1953), Sharma and Madan (I960) and Madan (1955) and a reference to 
these can be made. 

Usually experimental is obtained from by using the calculated values 
of and utilizing the values of the force parameters obtained from other 
measurements which is not a very desirable procedure. To determine the para- 
meters between unlike molecules, we have resorted to purely experimental data, 
th^t is, to get (experimental), experimentally observed values of and B 22 
have been utilized. The values of and determined from the temperature 
dependence of second virial coefficient are reported in Table I, together with the 
temperature ranges for which they have been calculated. The potential para- 
meters obtained from temperature dependence of thermal diffusion factor arc 
given in Table 11(a) & 11(b). Using tia/A', the value of has been calculated 
from experimental interdiffusion coefficient wherever such data are available. 
The potential parameters thus obtained from second virial coefficient arid thermal 
diifttsiori factor are compared with other determinations including those obtained 
with the help of the combining rule viz., = (^^ 11 ^ 22 )'^* andVig = i(^ii+^ 22 ) 
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where and fu, r 22 are respectively the depths of the potential wells and 

the sepa ration distances for zero potential for ( 1 ; 1 ) and (2:2) like interactions. 
These are reported in Tables III and IV. 

ni SOU SSI ON OK RKSTJLTS 

It will be quite interesting to see how far the potential £)arameU‘rs, obtained 
by us, agree with those derived from other sourc'cs and how satisfactorily these 
parameters can predict another bulk property.. The coniparisoii of parameters 
has been done in Table Ilf and TV from which it (san be seen that the parameters 
obtained by us are different from those derived using combining rules. The 
values of higher and those of ant lower than the corresponding 

combining rule values except for Kr— N 2 . A similar trend was noticed by 
Barua (1959). This is to be expected as the confining rule for is true only for 
molecules which behave as rigid spheies. 

The system COj— Nj is interesting because parameters for this could be deter- 
min ed from both second virial coefficient and the thermal diffusion. The cojnbin- 
ing rule gives a value 134 for whereas the second virial coc^fficient gives an 
indication that this value is > > 1 34 and is about KiH. This indication is further 
Cionfinned by evaluation of parameters from thermal diffusion factor, which is 
a more sensitive property and the value obtained is 15c.l. This is in agreement 
with the value obtained by Walker and Westenberg (1958) from the temperature 
dependence of mutual diffusion. The parameters obtained from equilibrium 
and non-equilibrium properties are also seen to be different as has also been noticed 
in general by Hirschfelder et af. (19.')4) and Madan (19.').'), 1957). 

Using the different parameters, we could, for comparisem. compute the values 
of coefficient of interdiffusion. another proiwrty for which some data are available 
for these mixlures. This has been done in Table V. However, in general, the 
parameters derived from e((uilibrium properties should not be used for calculation 
of non-equilibrium properties or vice versa because different properties emphasize 
the potential energy curves differently and cannot be simply correlated. When 
we take two similar molecules, for example, two polyatomic molecules, we get a 
reasonably good agreement, but when we have a mixture of a polyatomic mole- 
cule with a simple molecule, the agreement, is not satisfactory. The agreement 
between the theoretical and experimental values is good for COa-Na and CO 2 - 
(rather it is better than that obtained by using parameters from cuembining rules) 
but not for CO,- CO and CO,- A. In the latter case, for example of CO,- A, 
the interaction is between a spherical and a non-spherical molecule. As expected 
(Srivastava and Srivastava 1959) due to the non-spherical nature of CO, molecule, 
the potential parameters calculated from second virial coefficient (equibbrmm 
property) do not reproduce the coefficient of mutual diffusion (non-equilibrium 
property) satisfactorily. In this type of mixture, it seems that the effect of the 
pon-spherioal nature of the molecule predominates over that of the sphenca) 
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one, even though we can ascribe part of the discrepancy due to possible experi 
mental errors in the measurement of the coefficient of mutual diffusion for this 
mixture for which there are the data of only one experimenter at a single tempe- 
rature, This was obtained by Waldmann from a study of diffusion thermq-effec 
and is subject to much error as has been discussed by Chapman and Cowling 
(1952). Further, for this mixture, the thermal diffusion factor, a property very 
sensitive to the force law, increases with decrease of temperature, a peculiar yet 
unexplained behaviour, and it is not surprising that a good agreement is not 
obtained in this case. 

The case of CO 2 --CO mixture is different. Here, the interaction is between 
a symmetrical molecule CO 2 with an asymmetrical molecule CO, unlike the 
interactions of Ng or COg— O 2 in which there are symmetrical molecules 

like N 2 or O 2 . Furthermore, the data on second virial coefficient for C02“~C0 
mixture shows practically no variation with temperature in the range 30° C to 
60°C and an average curve had to be drawn for the determination of potential 
parameters which are suject to some uncertainty on this account. 

In general, for all the gas mixtures, the non-spherical nature of the molecules 
does manifest itself and it is not surprising that a single set of parameters fails to 
give same degree of agreement for two different properties and also over a wide 
temperature range. For COg— N 2 mixture, we find good agreement for the coeffi- 
cient of mutual diffusion, but if the same parameters are used to compute the 
thermal conductivity, the agreement is not so good as has been reported by Brokaw 
(1959) and also computed by us and it necessitates the use of a different set of 
potential parameters for this purpose, even though the discrepancy may also 
be on account of the complex nature of the phenomenon of thermal conductivity 
for these molecules. 

Unfortunately, for the gas pairs considered here, suitable and extensive 
data for different properties do not exist and as such, a detailed comparison with 
experiment is not possible. To arrive at any definite conclusions, it is very desir- 
able to have more experimental data of various properties at different temperatures. 

Nevertheless, the analysis is still useful and valid to a good approximation 
and is definitely of much interest in the absence of sufficient information about 
the forces between unlike molecules. The evaluation of the potential parameters 
from the experimental data for the study of forces between unlike slightly non- 
spherical molecules and the bulk properties of their mixtures, is definitely a better 
approach than the derivation of these parameters from simple combining rules 
which are semi-empirical in nature and may be valid only for central force fields. 

ACKNOWLEDGMENTS 

It is a pleasure to thank Dr. M. P. Madan for his guidance and helpful sugges- 
tions and Prof. P, N. Sharma for his interest. The work reported here was 



679 


Unlike Molecular Interactions for CO2 — 

supported in part by the Scientific Research Committee, U.P. and the Council 
of Scientific and Industrial Research, New Delhi. We are also grateful for the 
award of a Research Assistantship (H.K.S) by the S.K.C. and a Government 
of India Research Training Scholarship (M.N.S.) 

TABLE I 


Values of potential parameters from second virial coefficient 


Clas pair 

ro., N. 

CO.^—A 

Cf).2—0. 

ro.-^cn 

Temperature 
range (®K) 

tialfc r,j 

CK) (A) 

("A-) (A) 

fi2|A' ri2 

CK) (A) 

("A) (A) 

290-348 

300 - 360 

310 -372 

166.8 3.560 

169.3 3.516 

170.6 3.492 

166.1 3.426 
I.IT 4 3.409 
1.58.7 3. $83 

160 3 3.682 
170 6 3.217 

179.8 3.272 
179.1 3.281 
181.3 3.266 

Mean 

168.9 3.523 

1.57.4 3.406 

163 4 3.449 

180.1 3.269 



TABLE Ilflt 



Values 

of potential parameters from 

thermal diffusion 

Gas pair 
Temperature 
range {°K) 

CO., N-i 

evilkCK) 

.4 X-2 

A - G, 

BrJkCJtL) 

Mr - No 

125-260 

1 50 300 

175-350 

200- 400 

225-450 

250-500 

275-550 

300-600 

325- 650 

350-700 

176 0 

184.7 

154.6 

147.7 

H2.3 

1 12.0 

111.5 

109.9 

103.7 

1 04 . 2 

121 9 

115.1 

1 19.0 

122.9 

126.9 

118.8 

1 14.5 

109.4 

104.2 

103.7 

105.5 

110.5 

tli.l 

116.8 

lli.O 

Mean 

157.1 

109.2 

121.2 

no . 7 

rviih 

3.557 

3.428 

3.309 




TABLE TI^> 


Temperature range 

*.j/*<°A) 

Mean 

«12/*(“A) 

340-408 

104.3 


360-420 

98.3 

98.9 

360-432 

94.2 
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TABLE m . 

Comparison of potential parameters obtained from seeond virial cdeflicient with 
those determined from other sources 


Gas pair 





'•12(A) 



(*) 

(a) 

<i>) 

(•) 

(a) 

(b) 

CO 2 -N 2 

168.9 

132 

134.1 

3.523 

3.839 

4.095 

CO 2 -A 

157.4 

153 

150.5 

3.406 

3.707 

3.948 

C,02 — C 2 

163.4 

147 

149.4 

3.449 

3.716 

3.975 

COa-CO 

180.1 

145 

187.6 

3.269 

3.793 

4.125 


(*) Present work 

(a) Combining rule, individual parameters from viscosity. 

Hirschfolder, Curtiss and Bird (1954). 

(b) Combining ijile, individual parameters from second virial coefficient. 
• - Cot44*ell et al. (f966) 


TABLE IV 

Comparison of potential parameters obtained from thermal diffusion with 
those determined from other sources. 

CaM pair Cj2/A;(®K) 



(*) (**) 

(a) 

(h) 

(♦) 

(*♦) 

(a) 

(b) 

CO 2 -No 

157.1 168.9 

157 

132 

3.557 

3 . 523 

3.516 

3.839 

A-N.^ 

109.2 

— 

J06 

3.428 

— 

— 

3.550 

A-^Oo 

121.2 


118 

3.309 

— 

— 

3.426 

Kr-No 

110,7 — 

— 

132 





Hs-BFa 

98.9 — 

— 

80.37 






(♦) From thermal diffusion (present work) 

(•♦) From second virial coefficient (prOsent work) 

(a) Walker and Westenberg (1958) 

(b) Hirsohfelder, (^urtisa and]|Bird (1054). Combining rule and individual parameters from 

viscosity* - . - . 
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TABLE V 

Comparison of calculated and experimraital values of interdiffusion 


Gas mixture 

Temperature 

('’K) 

(•) 

Ol2 

(;m»/Sec 

(a) 

Cm2 /Sec 

experimeztal 

Dj2om2/Sec.(b 


273.2 

0.t41 

0.130 

0.144 

COj— Na 

288.2 

9.156 

0.143 

0.158 


293.2 

u.kii 

0.147 

0.160 


298.2 

U.I0O 

0.152 

0.165(c) 





0.167(d) 



if 


0.168(0) 

COo— A 

293.2 

0.169 

0.136 

0.140 

COs— O,. 

273.2 

0.143 

0.128 

0.139 





0.137(f) 


293.2 

0.163 

0.146 

0.160 





0.163(f) 

COj— CO 

273.2 

0.163 

0.12H 

0.137 


(*) Proacmt work, paramontors arc given in Table T. 

(tt) Clalculated using combining rules, individual parameters Irom viscositj". 
Hirschfelder, Curtiss and Bird (1954). 

(b) Data taken from Hirschfolder, Curtiss andjBird (1954) unhtsH stated otherwise. 

(c) Boyd et al. (1951) 

(d) Walker and Wostonburg (I95?i). 

(e) Boardmon and Wild (1937) 

(f) Walker and Weatonburg (1960) 
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ABSTRACT. The Kattiaii and infrared spectra of l*fliioro*2,4‘dinitrobcnzono and 
l-chloro.2,4-dinitrol)onzeno have boon invastigatod and tbo obscMved fn^quonoios hiiv<» b<^on 
assigned to different modes of vibration of the ring, by assuming symmetry for mole- 
cules. Some of the vibrational frequencies due to vibrations within the NOj group have 
also been idimtified. It is observed tliat some of the modes of the skeleton (^(' ring whicli 
aro forbidden in infrared and vice verm in the ease of benzene, appear in the spectra and it 
is (joncludod that th(' symmetiy of the skeleton ring is disturbed by the substituents. 

INTRODUCTION 

The assignment, of vibrational frequencies of some trisubsth;utecl benzene 
compounds was made recently by Deb and Banerjee (1960) by studying the Haman 
and infrared spectra of the compounds. Such assignment was not made by any 
previous worker in the case of l-fluoro-2, 4-dinitrobenzene and J.chloro-2. 
4-dinitrobenzene. In fact, the infrared spectra of these two compounds and 
the Raman spectra of the fluore compound were not known. The present investi- 
gation was undertaken to study the infrared spectra of these two compounds 
and the Raman spectrum of l-fluoro-2, 4-dinitrobenzene and to identify the 
frequencies of different modes of vibration of the molecules. The fluorine and 
chlorine substituted compounds have been chosen, because by (jomparing the 
spectra it might be possible to get some results which would help accurate assign- 
ment of the frequencies. 


EXPERIMENTAL 

The compounds supplied by E. Merck were of guarranteed reagent quality. 
The liquid l-fluoro-2, 4-dinitrobenzene was distilled under reduced pressure before 
use while the chloro compound was purified by crystallization from benzene. 
The infrared spectra were recorded with a Perkin Elmer Model 21 spectrophoto- 
meter with rocksalt optics, the resolution dial being set at 927. The absorption 

*Co>nmvinicated by Professor S. C. Sirkar 
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spectra of very thin films of the substances enclosed between NaCl plates were 
recorded. In the case of l-chloro-2, 4-dinitrobenzene the molten compound 
was poured on a hot NaCJ plate and a similar hot plate was placed on it so that 
a thin ‘film of the pure, substance' was enclosed between the plates. The spectrum 
of the solidified film was recorded. The Raman spectra of both the compounds 
were recorded on Ilford Zenith plates using a Fuess Glass Spectrograph 
of large dispersion. Iron arc spectrum Was also photographed on the plate for 

TABLE I 

Raman and infrared frequencies of l-fluoro-2, 4-dinitrobenzene 


Infrarod bands 

V in cm -i & 
strength 

Baman shift 
(cm'J) & 
Intensity 

Assignment 


164 (2b) 

fundameni^al 


300 (0) 

a' „ 


513 (lb) 

a' 

630 (w) 

634 (3) 


672 (w) 


a" 

706 (e) 


a' 

743 (s) 

742 (lb) 

a" 

813 (w) 

811 (1) 

a ft 

840 (vs) 

836 (3) 

a' „ 

917 (a) 

925 (2) 

a" „ 

973 (wb) 



1008 (vwb) 



1072 (s) 

1070 (2) 

a' M 

1129 (ms) 

1129 (1) 

a/ ,, 

1163 (w) 

1161 (6) 

a' 

1244 (m) 

. 1241 (2) 

a' „ 

1272 (vs) 

1269 (6) 

a' ,, 


1296 (0) 



1323 (2) 

a . ^ 

1347 (vs) 

1.346 (10) 

a tf 

1418 (ms) 

1416 (3) 

a 1 1 

1490 (a) 

1490 (2) 

a' ,, 

1625 (vs) 


a ft 

1661 (a) 

1546 (6) 

a ft 

1606 (vs) 

1616 (6) 

a' „ 

1806 (w) 


743 + 1072 

1939 (w) 


(706 4 1244 



[813 + 1129 

2082 (w) 


917 4 1163] 




840 4 1244 


2877 (w) 


1272 + 1606] 




1347 4 1^26 


2962 (w) 


1661 4* 1418 

3100 (8) 

3102 {2b) 

a' fundamental 
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TABLE II 

Barman and infrared frequencies of l-chloro-2,4-dlnltrobenzene- 


Infrared bands 

V in cim-i ^ 
strength 

liaman shifts 
(cm-i) dt intensity 
(Harratid, 1953) 

Assignment 


152 (lb)*- 

a'^ fundamental 


205 (0)* , 


658 (w) 

666 (1) 

a" 

«87 (m) 


a' 

730 (s) 


a' ,, 

745 (m) 

* 


832 (ms) 


a'" 

847 (m) 

841 (1) ; . 

a' 

900 (s) 


a^ 

912 (m) 



980 (vw) 



1040 (a) 

1060 (1) 

a/ ,, 

1080 (vwh) 



1099 (vw) 

1109 (1) 


1 1 38 (m) 


a' „ 

1151 (m) 

1160(2) 

a' 

1210 (vw) 

1247 (w) 

1256(1) 

a' 

1302 (wh) 

1301 (2) 

a tf 

1346 (VB) 

1358 (10) 

a' ,» 

.1421 (mh) 

1396 (1) 

a' ,, 

1459 (m) 


a' „ 

1526 (vs) 

1472 (0) 

1494 (0) 

1638-60 (lb) 

a' 

1550 (s) 

1590 (vs) 

1693 (3) 

a' ,, 

1698 (vw) 

1628 ? 

658 + 1040 

1742 (wrh) 


832 4 900 

1785 (vw) 


746 4 1040 

1820 (vwh) 


2 X 900 

1967 (w) 


832 -f- 1138 

2873 (wh) 


1421 4- 1469 

3053 (w) 


1469 4- 1590 

3100 (s) 


a' fundamental 


•Observed in the reinvestigated Raman spectrum by the present 
author. ; 

comparison. The Hg line 4368 A was first used to excite the Raman spectra but 
it was found that in the case of l-chloro-2, 4-dinitroben2ene the absorption 
in the neighbourhood of the 4358 A line was very strong and no line with Raman 
shift less than 666 cm-^ was observed. Hence the Hg line 6461 A was used as 
the exciting line and Agfa Isopan plates were used to j^otograph the spectra. 
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RESCTLTS AND DISCUSSION 

The spectrograms showing Raman lines of l-fluoro-2, 4-dinitroben2ene and 
l-chloro-2, 4-dinitr6benzene are given in Figs. 1 and 2, Plate XIII and the 
infrared absorption curves are reproduced in Figs. 3(a) & (b) and 4(a) & (b). The 
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PLATE XIII 
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f ly. 1. Raman spcctuim of 1 ->fluor()-2, 4-dinitro. 
bcn/cnc (liquid at 30 C). 



Fig Raman spcclium of I -cliloio -2, 4-dinitro 
bcn/cnc (solid at 30' C). 




Raman and Infrared Spectra of VFluoro, etc. 587 

Biftiuftii shifts of th© two substsincss and th© infrared frequencies are given in 
Tables I and II respectively. The liaman frequencies of l-chloro-2, 4-dinitro- 
benzene reported by Harrand (1963) have also been included in Table II. 
Tentative assignments of the lines are given in the third column of Tables I and 
II. The numbering of the modes of the vibrations has been made following that 
for the benzene ring made by Pitzer and Scott (1943). 

The molecules of both the compounds belong to C', point group, if the NO 2 
group lies in the plane of the molecule. There are four modes of types 

and f u in the benzene molecule giving rise Jto a' type C — H valence oscilla- 
tions in these two molecules. The infrared fre(iuency 3100 cm“^ observed in the 
case of both the compounds represent such a'-1^pe C — H vibrational frequency 
and they may be identified with mode in benzene (Mode No. 20) in which the 
two diametrically opposite C — H vibrate in opposite, phases against the ring, 
the other substituents remaining almost stationery. 

In the spec^trum of 1-fluoro, 2, 4-dinitrobenzenc a characteristic frequency 
1272 cm~i is observed while in the spectrum of l-chloro-2, 4-dinitrobonzene there 
is a characteristic frequency 730 cm ^ These two frequencies approximate to 
C — P and C — Cl vibrational frequencies respectively and they are to be assigned 
to a' -type mode arising from type C — H stretching mode in benzene discussed 

above. 

The degenerate e^g mode of C-C vibration of frequency 1696 cm~^ (No. 8A, B) 
ill benzene will split up into two components with reduction of symmetry 
to Cg, one of the components being slightly reduced in frequency and the other 
remaining almost unaffected. These two components have been identified with 
the strong infrared bands 1606 and 1651 cm~^ of l-fluoro-2, 4-dinitr()benzene and 
1590 and 1650 cm“^ of l-chloro-2, 4-dinitrobenzene. The er^ mode (No. 19A, B) 
in benzene similarly becomes a'-typ© vibration giving rise to the frequencies 
1490 and 1418 cm“^ of l-fluoro-2, 4-dinitrobenzene and 1459 and 1421 cm~^ 
of l-chloro-2, 4-dinitrobenzene. These assignments are in agreement with those 
proposed for other 1 , 2, 4-trisub8tituted benzenes (Plyler et al.^ 1957, Deband 
Banerjee, 1960). These lines appear strongly in the Raman effect owing to the 
lack of centre of symmetry. The Raman frequency 513 cm-^ of l-fluoro-2, 
4-dinitrobenzene might be a component of the vibration of benzene 
(No. 6A, B), which splits up mto two frequencies with lowering of symmetry, the 
other component having a still lower frequency may be identified with the Raman 
line 300 cm“^. This mode may give the Raman line 205 cm"^^ in the 1-chloro 
compound, the other component being too weak to be recorded. 

The a'-components of in-plane OH bending modes of the two molecules 
may be derived from similar modes (No. 3), (No. 15), e \ (No. 9) and 
(No. 18) of benzene. Superposition of modes a^g and e+g of benzene may give rise 
to the mod© of frequency 1244 cm"' and 1247 cm"' in tlie fluoro and chloro com- 
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pound respectively. Similar superpositidtt of modes e“« and may give rise to 
the frequencies 1153 and 1151 cm*"* in the'Vtvo compounds. The frequencies 1129 
and 1138 cm“^ of the two respective comj^unds may be similarly produced by 
the interaction of ftg,, and modes of bihzene. The observed frequencies 706 



600 800 looo 1^00 MOO iOOO laoo 


•2) 

Fig, 4(a). Infrarod spoctrum of l-chlooo-2,4-dinitrobenzcne (aolid at 26°C). 



Fig. 4(b). Infrared spectrum of I-chloro*2, 4-dinitrobenzene (solid at 26^C)» 
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and 1072 cm“^ in the case of the fiuoro compound 687 and 1040 cni-^ in the 
case of the chloro compound may represent component^ of the modes and 

The four out-of- plane CH bending modes of benzenp a^uy and b^) 
give such bending modes of type a" in the case of these molecules assumed to 
belong to Cg point group. Superposition of modes (No. 6) and e-g (No. lOB) 
may give rise to a mode in which only the two diametrically opposite C — H bonds 
undergo out of plane bending. This frequency may be 917 cm***^ which appears 
both in Raman and infrared spectra of l-fluclro-2, 4-dirutrobenjSiene (900 cm“^^ 
in l-chloro-2, 4-dinitrobenzene). The modes No. lOA and J7A of types e g 
and e~u of benzene may similarly interact to produce frequenci^ 813 and 
832 cui"^ observed in the spectra of the two compounds. 

Norman Jones and Sandorfy (1956) discussed the occurrence of a C — H bend- 
ing vibrational frequency at about 745 cm~^ in the case of 1, 2. 4-trisubstituted 
benzenes which is, acc^ording to them, known to be active only in Raman effect, 
but it should be noted that in the present work a strong frequency at 743 cm“ ' 
in the case of l-fluoro-2, 4-diaitrobenzene and a similar frequency at 745 cm * 
in the case of 1 -chloro -2, 4 -dinitrobenzene have been observed in the infrared. 
This can be obtained from superposition of the modes ^ (No 1 7A) and (No. 11). 


The frequencies 672 and 658 cm ^ observed in l.fluoro.2, 4.dinitrobenzene 
and l-chloro-2, 4-dinitrobenzene respectively represent out-of-plane carbon 
bending vibration corresponding to the b^g mode in benzene (No.4) which is expected 
to remain unaltered with substitution. The Raman frequency at 164 cm-^ 
observed in the case of the fiuoro compound and lo2 cm ^ in the case of the chloro 
compound may reriresent another such out-of-plane bending mode derived from 
mode in benzene (No. 16). 


In the case of l-fluoro-2, 4-dinitrobenzene and J -chloro-2, 4-dinitrobenzene, 
frequencies at 840 and 847 cm.-' respectively have been observed. Similar 
frequencies were also observed in the spectra of 2,4- and 3, 4-dichlorotoluenc 
and 1,2,4-trichlorobenzene (Dob and Banerjee, 1960). As suggested in a pre- 
vious paper (Deb and Banerjee. 1960) these frequencies may originate from super- 
position of «i, and modes (No. 1 and 12) in benzene. The frequencies 
1323 cm-' of l-fluoro-2, 4-dinitrobenzene and 1302 cm-' of l-chloro-2, 4-dinitro- 
benzene may be a component of the e'j mode of benzene. 


Besides these molecular frequencies, the spectra of both the compounds 
should contain frequencies due to vibration in the NO, groups. The results for 
fluoronitro- and chloronitrobenzenes obtained by previous workers have been 
tabulated in Landolt-Bomstein’s Tables (1961). On comparing these results the 
frequencies 1625 and 1347 cm-' of l-fluoro-2, 4-dinitrobenzene and 1626 and 
1346 cm“' of l-chloro-2, 4-dinitrobenzene can be readily identified with asym- 
metric and symmetric stretching vibration in NOj groups. 
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PERIODICITY IN NUCLEAR BINDING ENERGY AND 
CORRELATION BETWEEN THE ISOTOPES OF 
DIFFERENT NUCLEI 

A. K. DUTTA 

Palit Pkofessor of Physics, Untyehsity Oolleoe of Science, 

. Calcijtta-9. 

(Received August 31 , 1961 ) 

The binding energy of the nuclei is measured by the difference between the 
observed masses of the nuclei and the sum of the masses of the constituent nucleons. 
To explain the variation of the binding energy E for different nuclei, Bethe and 
Weiszeiiker liavc proposed the following relation 

e^-<ha 

where A is the atomic number, N and Z are th(! numbers of neutrons and protons 
and a^, and a^ arc constents to be fixed by actual comparisons. Tim 
formula above, though broadly successful, is not adequate to explain precise 
mass data closely. Various efforts (Green, 1»5S and Seeger, 1961) have been made 
to improve upon the Bethe-Wcisziicker relation by including pairing correction 
distinguishing nuclei composed of different coTu|)ination of even and odd number 
of protons and neutrons, effects of shell structure and nuclear deformation and 
so on; however, the agreement of these improved formulae with observed data is 
not satisfactory. In view of this unsatisfactory situation, it is considered worth- 
while to emphasize the deviations of the Bethe-Weiszacker relation from the 
latest r pft"" data of as many stable nuclei as are available and to see whether the 
deviations indicate any regular and systematic pattern. 

Here we have plotted for different nuclei Ail/, the deviation of the experi- 
mentally observed binding energy (in MeV) from the Bethc-Weiszackcr relation 
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with the values of the four constants as given by Green (1954). The experimental 
data have been taken from the work of Duckworth (1958) up to atomic number 
^ = 62 for which range the nuclear masses of all the stable isotopes are given 
except for Z = 44. For the selection of the points through which tt) draw a 
certain curve, w^e have divided the nuclei into two sets, one witli odd values of 
Z and the other with even values of Z. The aet of even values of Z is further 
subdivided into categories depending upon the excess number of neutrons over 
protons, whether it is none, one, two, three and etc. When the minimum excess 
of neutrons changes from one stable element to the next one, the curve is drawn 
connecting the two minimum excess isotopes even though the excess of neu- 
trons is not the same along the curve. Further when the total number of stable 
isotopes varies from one element to the next, there is branching oi* merging of 
curves depending upon wdiether the niimbm* of isotopes increases or decreases 
at that point; in the case of ambiguity mostly, tiear the region of branching or 
merging the points are so chosen that the curve connecting them follows a 
regular smooth course. 

The curves draw7i in accordam^e with the principles stated above show' regular 
undulating character with a smooth run, the maxima and minima of all the dif. 
ferent courses fall at near about the same region of mass number. 

From the above curves it is possible by w^ay of interpolation to predict tlie 
values of masses of the isotopes of Z -- 44 which arc not tabulated by Duckworth. 
The element Z -= 44 has seven stable isotopes wuth mass number A -- 96, 98, 
99, 100, 101, 102 and 104; Duckwwth has given the masses of the isotopes with 
A — {)6, 102 and 104. By the method of interpolation of curves w'e have cahiulated 
the possible masses of the remaining isotopes. After the completion of this work 
it has come to our notice that Everling (I96t)) has supplied the masses of A ~ 98 
and 99 as w ell as of A — 96, 102 and 104, and the agreement of our extrapolated 
results with Everling’s for A ^ 98 and 99 is as good as that of Everling’s results 
with Duckworth’s for 96, 102 and 104. 
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ON THE APPLICABILITY OF DEBYE’S THEORY IN THE 
DETERMINATION OF THE TIME OF RELAXATION 
IN THE CASE OF PURE LIQUIDS 

DILIP KUMAR GHOSH 

Optics Department, 

Indian Association for the CuTiTivATioN of Science, 

Calcutta -32. 

(Ueceived AuguH 24 , 1961 ) 

It is well know n that in the case of polar liquids the dipole moment of polar 
molecules cannot be determined from the polarization of the pure liquid by 
applying Debye’s expression. The object of the present note is to point out that 
there is some justification in applying Debye’s equation for the polarization at 
high-freijuency oscillating field for the determination of the value of r, the time of 
relaxation even in the case of pure liquids. 

In the case of dilute solutions Whiffen and Thompson (1946) have taken the 
condition for maximum absorption as that for the maximum value of e" and the 
latter occurs when, 


This is justified in the case of dilute solution, because e' may be assumed to 
be independent of frequency, e' and e" being the real and imaginary parts respec- 
tively of the complex dielectric constant It is to be noted, however, that this 
condition for maximum absorption deduced by previous workers for solution is 
the condition for the occurrence of maximum value of e" and not of taniJ, and 
therefore, it is not applicable to pure liquids. If w^e want to find out the 
condition for maximum value of tantf in the case of pure liquids we find that 
tan^ will be maximum when, 



w4iere is the dielectric constant for static field and that for a field of infinite 
frequency. 

Hence, the condition Tq = 1 cannot be applied in cases of pure liquids, 
because in such cases much greater than unity and according to Eq. (2) 

Cl) Tq is greater than unity. 
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On the other hand, according to Debye’s equation, the condition for maxi- 
mum absorption is given by 






( 3 ) 


Taking a typical case of benzyl chloride for which ~ 
about 8, we get from Eq. (3), t = 0.792/Wfl,aj, butTfrorn Eq. (1) 


n* — 2.4 and ej is 

, 1 
we get To = 


’’ = 0.792 
To 

So, the value of t deduced from Debye's equation is about 20% smaller thaq 
that deduced from Eq. (1). Since the radius erf the rotor is proportional to 
this difference will not affect the radius of the rotor by more than 7%. This 
explains why in the case of liquids with molecules having the OH group as a substi- 
tuent the radius of the rotor deduced from Debye’s equation (Ghosh, 1045^, b. 
1955a, b, c) was found to be appropriate for the OH group. 
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COHESIVE ENERGIES AND OTHER PROPERTIES OF 
IONIC CRYSTALS 

M. N. SHARMA and M. P. MAD AN 

' Physics Department, 

Lucknow University, 

Lucknow. 

{Received June 7 , 1961 ) 

Many jiroperties of gases and liquids have been calculated and explained in 
terms of a commonly used interaction energy function, such as Lennard- Jones 
(12:6) potential. In an ionic crystal, the charge distribution on each ion has 
approximately spherical symmetry and they interact according to central force 
law. Thus, it seems reasonable to assume that ions of an ionic crystal are of the 
same electronic structure as an inert gas, possess overlap energy (and Van der 
Waals energy), following a law with the same intcrionic distance variation as for 
two inert gas atoms. It is therefore, possible to describe a number of properties 
of ionic crystals on a common basis with the help of Lennard- Jones (12:6) poten- 
tial in conjunction with the term for Coulomb energy. This, thus, affords a uni- 
fied approach for evaluating and interpreting the piDperties of ionic crystals 
as well as the knowledge about the interaction forces and it is reasonable to assume 
that such an analysis will achieve (jonsiderable success. 

The energy per cell in an ionic crystal may be represented as 



4 


B 

riz 



( 1 ) 


where a is Madciung’s constant, e is the electronic charge, r is the interioniij 
distance, B is the repulsive parameter which is calculable, C is the Van der 
Waals constant and f.Q is zero point vibrational energy. 

In Eq. (1) we have not considered the dipole-quadrupolc Van der Waals 
term and effect of overlap potentials other than the nearest neighbours because 
they do not alter the estimates of various properties appreciably. 

Finding the first and second derivaties of Eq. (1) and equating it with the 
well known expressions involving compressibility, molar volume and temperature 
1937) expresions for the parameters B and C can be derived and 
their values obtained with the help of the experimental data for various observ- 
able properties. Alternatively, B can be obtained in the above manner and C 
can be used directly from the optical data of Huggins and Mayer (1933). 
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pressions can be derived for various crystal properties and the values of the B 
and C can be used to compute them. Following this scheme we calculated the 
values of the cohesive energy, compressibility and the coeflScient of linear expan- 
sion for a few representative alkali halide crystals (reported in Table 1,) and 
compared them with the experimental values and also with other determinations. 
The results based on the LennM’d-Jones (12:6) potential are quite consistent with 
other determinations. The discrepancies with the experimental data become 
more pronounced as we proceed towards lighter alkali halides but the agreement 
is quite satisfactory for heavier compounds. Details and also computations for 
other metal halide crystals heavier than alkali halides will be published later. 
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EMISSION BAND SPECTRUM OF SeO^ MOLECULE 

P. B. V. HARANATH,* and V. SIVARAMAMURTY 

Physu’s Departmknt, Andhra University, Waltair 
{Received January 20, 1961) 

Plate XTV 

ABSTRACT. rUt* nmissiuii sjxHJtrum ofpuio iSuO^ vapour as ('xcited in a higli lirquonuy 
(Usciliarg(' from an oscillator and in an uncondciiHcd discharge IVoin a trausl'orincr. is found 
to reveal a number of characteristic bands in (he region X 4700 to x 27r>0. TJk'nc bands are 
diffuse anil are altributixl to the emitter, ilie tria to mie ScO^ .molecule. About 100 band.s in 
tbe region X4700 to x3200 are analysed as ficlonging to two m‘W systi'insof SeOj inoloculi* 
arising out of transitions from th(‘ deformation vibrat lonal le\ I'ls of the upper state's t o 
syiuinetric vibrational levels of the lower stiHes. Tlin following art' the x ibrat tonal eonstanls 
of (lie two sysli'ins. 

'0,0,0 ^ >h- l>er. vib. 

fn‘(|uoncy of lower stat*' IVci|ucncy of uppi'r stair 
tSyst(‘ni - -1 . .‘1214.5 cm-i 0l0..5em i lS2cnri 

System -tr. 112052 cm-t Oil. .5 cm i lS2cm « 

Haiuls bi'low xll200 down to \27.50 art' found tt) belong to a pai t ol' tlic' J1 - - X systi'in 
of Se()_> moleiMiIe obserx'ed jirtn iously in ab^orptioi.. 

] NTllO l)U(^T I OX 

In our ree-ont invt'siigation on tlie sp('cif‘a of tJi(i (lioxi(U‘s of seh'niinn and 
tellui’iuin, it lias licon found tliat tin* oniission of fmre S(*()o vapour o.\(uUm 1 in 
trii^al discharges revealed a eluiraeteri.stie hand speelruin consisting of a nunihei* 
of new hands in the visible and near ultraviolet n^gioii. The origin and nature 
of tliese TK'AV hands have lieiui discussed in this pa])er. 

K X P 3 0 U T M 30 N T \ L 

Selenium dioxide* (*inpIoyed in the pivsent iiw('stigation is a white powder 
whieh sul)lim(‘s at The suhstam^* uas perfeetlv dehydrated hofoiv it was 

iiiti’odueed into the discharge* tube*. Spen'tra xxere exe*iteel by an ose*iIlate)r eif 
appi’oximately 50Watte)utput power at 10 m.c.s. freepu'new and in an uneonehMised 
di.scharge frenu a 10 KV transformer. The* osedllator elise-harge tube was an 
ordinary pyrex glass tube* eif :h) em. in length and 20 mm in diameter. One end 
of the tube was drawn into an aelaptor anel was eemiKHded to a system of high 
vacuum pumps. The other Hat end was closed by a (juartz winelow. The elec- 
trodes drawn directly acreiss the tank circuit of the eiscdllateir, were WTapi^eel 

♦Xutiomil Kosearch Follow. 

501) 
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round the di8(?harge tube. A flowing vapour of the substance was maintained 
inside the tube by continuous evacuation and by (x^casional heating with Bunsen 
flame. 

In th(^ case of transformer dis(;harge experiments, a similar discharge tube 
Av as employed but provided Avith two side limbs at 10 cm apart fused with tungs- 
t(ui electrodes to which the high tension of lOKV was applied. In both these 
discharges the colour of the emission free from usual impurities is deep blue. 

Spectra were photographed on Hilger Medium Quartz, Fuess, Bilger’s Quartz 
Littrow and Glass LittroAv spectrograj)h8 and w^ere recorded on Ilford Special 
llapid plates. Th(' times of exposures Avere of 5 to 10 minutes duration on the 
low dispersion instruments and of 20 to 30 minutes duration on the high 
dispersion instruments. 


II K S V b T S 

The emission of NeO^ \"a})our excited in different elecdrical discharges revealed 
a characteristic sfiectrum of a number of bands in the region /\4700 — /\2700. 
Plate XIV, Fig. 1 (a) and (I)) are the reproductions of the sped ra ])hotogra})hed on 
the medium <juartz instrument. The band heads in the r(‘gion /^4700--A3200 
(strif)-a) appear diffuse and those below /\3200 down to A2700 (strib-b) are shar*]) 
and red degraded. Each of these diffuses bands wdien photographed on high disper- 
sion LittroAv s])ectrographs, w^as resolved into a number of component beads of 
different intensities wdiich might correspond probably to the isot()j)i(; effect of 
selenium in tli(‘ SeOo moU'cule. About 100 band heads in the region A4700— 
/\3200 AN'ere measured on a number of high disj)ersion plates and the accuracy of 
tJie bajid head data was found to be Avithin the limits of 2 to 3 cm"h 

The AvaA elength data of these ncAv bands Averti compared with the band head 
data of the avcU knowji spectra of the diatomic SeO and Se., molecules excited under 
similar conditions. Tiiey totally disagree and the spectra of the three molecules 
appear entirely different froju each other. On the other hand, the ncAv bands 
do not a})pear to ])ossess the idiaracteristic rotational struct ure', even Avhen photo- 
graphed on the liigh (lisp(*rsion instruments, AAhich should bi' the case if they belong 
to the diatomic SeO molecule. On the basis of tiiis experimental evidence, the 
100 bands in tJie region A4700 — A3200 obtained in the ])resent irwestigation, 
could tentatively be assigned to the triatomie emitter SeO.^ molecule. The sharp 
red degraded bands ii] the r(‘git)n below A3200 to A2700 Avere found to belong 
to a part of the priviously knoAvn B-X system of SeO.^ observed in absorption by 
Duchesne and Jiosen (1941). 

ANALYSIS OF THE HANDS 

Already three systems^namely, A, B and (\ are obserA'^ed (Ohoong Shin Piaw. 
1938 ; Duchesne and Rosen, 1947) in absorption of 8eOj, vapour in wliich B and C 



table I 

Vibrational analysis of system I 
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occurring in the regions A34()0— A2200 and A4501)— A3400 respectively, are more 
(‘xtensive. There are possibilities that the present emission bands in the region 
/\4700™ A320(t might either belong to system r/ or form an extension of system 
B. No agreement was found between the wave-length data of these emission 
1)ands and the absorption bands of 0-X system occurring in this region. Attempts 
macle to extend the analysis of B-X system to include the present emission 
bands yielded no satisfactory analysis. The emission bands above A3200 
appear diffuse whereas the bands below A34(K) belonging to the B-X system are 
sharp and red degraded. As such, the series of emission bands in the region 
A4700-A32()0 cannot be attributed to cither of the two systems B and C and are 
to be considered as forming one or more new systems of SeOa molecule. 

The wliole scries of new bands in the region A4700-A32()0 are analysed as 
belonging to two new overlapping systems to each of which every alternate band 
belongs. These two systems are designated here as Systems I and TT and their 
vibrational analyses are presented in Tables T and TI. 

In both the systems, several characteristic long k)wer state progressions are 
developed. Some of these prominent progressions are marked in Plate XIV, 
Fig. 1(a) & (b). An average difference of 910 cm^^ is observed between the suc- 
(icssive bands near origin of the system in each progression of the two systems. 
This frequenc^y of 910 cm~i can be identified with or can be considered as a 
similar one to the previously known symmetric vibrational frequency = 
910 cni”^ for the ground state of ReOg molecule derived from the absorption 
work of 0-X system by Duchesne and Rosen (1947) 

For each system, only four upper state progressions are formed with a charac- 
teristic difference of about 180 em^^ between the successive bands. The low value 
of this frequency in each system suggests that this has to be identified as the de- 
formation vibrational frequency of the corresponding excited states of SeOi; mole- 
cule. Thus, the transitions observed in the two systems are from the vibrational 
levels of the upper states with deformation frequency o>\ =182 cm“^ to the vibra- 
tional levels of lower states with symmetric frequenej^ == 910 cm~b 

The vibrational constants for the two emission systems as obtained from the 
analysis are as follows. 



I'OiO-O 

Symmetric vib. 


Def. vib. frequency 


cm- A 

frequency of the 


of the upper 



lower state 


sit ate. 



U) 2 

W'l 

S3rsteni I 

32145 

910.5 cm-A 

3.0 om-i 

182 cm-i 

System II 

32052 

911,5 cm-i 

2.5 cm-i 

182 cm- 3 


Since, the corresponding average values of the lower state progressions 

are almost equal in the two systems, they might be considered of having a common 
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-owei stati. Ilowovci , it is diflioiilt to coiicliiflc wlu'tUer lliis coiiinioii lower 
•state is the same as the normal state ofSeO., moleci-le. since these hands are not 
ohsei-ved in ahsorpt ion. 
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DIFFUSION DISTANCE OF RADICALS FORMED 
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ABSTRACT. The incroascH sonaitivity of any mioro-organiam, when irradiated in 
wet condition, is (‘XjdaliK'd iiy the radical formation in the film of water surrounding the vital 
molecuh'H iind the diff\islon of these radicals to the vital molecules causing t-heir inactivation. 
TJiis difTusion distance can be obtained from a measurement of the doses of radiation for inac- 
tivation in the dry and W('t conditions. This distance is a function of the shape of the vital 
molecuh^ the numb(‘r of offoctive radicals jH'r primary ionization and the ratio of dry to wet 
irradiation doses, fn this [»aper is rej>orted a simjilo method for estimation of this diffusion 
distanci^ for nn ellipsoidal targc't of any axial ratio for any measured valuta of dry and W(>t 
irradiation doses. 


T N T R 0 D Xr C T r O N 

Biological material is more sensitive to radiation in the wet than in the dry 
state of irradiation. This additional inactivation of biological samples, when 
irradiated in hydrated condition, is due to the formation of radicals in the water 
surrounding the vital molecules, some of whit^h subsequently diffuse to these and 
inactivate them (Zirkle and Tobias, 1953; Hutchinson, 1957; Hutchinson and Ross 
J959; Hutchinson and Norcross, 1960). The diffusion distance in the different 
cases has been estimated on the assumption of a spherical target. Tn a recent 
paper Hutchinson and Arena (1960) have calculated the diffusion distance in 
the case of irradiation of DNA in vivo. They assumed the model of a right cylinder. 

In the present report, a simple theory has been developed for estimation of 
the fUffusion distance for the general ease of ellipsoidal target molecule. This 
method enables one to determine the diffusion distance for any measured values 
of dry and wet irradiation doses, for any axial ratio and for different probabilities 
of inactivation by radical formation. 

This theory has been used to calculate the diffusion distance from the ex- 
perimental data on dry and wet inactivation of different enzymes as presented 
by previous workers. 
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A N AJL Y S I S OF I N D 1 li E 0 T K K F E t' 'I’ 

If the inactivation is duo to a single-hit type of process the survival ratio 
S = NJNq after dose of I) rads is given by 


S — exp ( I(rV) 


... (1) 


where I is the number of primary ions per cc of unit density material jrroduced 
by the dose D rads and V is the volume of a target molecule responsible for in- 
activation. Assuming that 1 rad of energy ab8<)ri)tion releases 5.08 x loiter jn'i- 
mary ions per ec of the target material of densfty a, the total target volume V 
is given by 


/>rfXr).7xl0i% 


t7(> X A3 
A/O' 


where 1)^ is the dose of radiation giving 37 per cent survival in the dry condi- 
tion. 

If the target moleeide he assumed as an ellipBoid ol‘ revolution with the seuii- 
-axes a and b, the axis of revolution being the h axis, the v^oluiue V is ^iviui by 


r — - 4.l8p/>3 


... (3) 


where 


fi = alb. 


... (4) 


Combining Eqs. (2) and (3), the dimensions of the target molecuh' is giveur by 


7.5x103 


... (5) 


If a bo assumed as 1.33 for protein 


. 6.81x103 ^ 


... (5a) 


The effect of hydration is to increase the target dimensions by an additional 
thickness of water, from which the radicals can diffuse to the target and inacti- 
vate it. If it is assumed that in the wet (iondition of irradiation, each target 
molecule is surrounded by an uniform layer of water of thickness p A, then 
the volume of this water film is given by 


Via — ~ [p^+p^h('Z f />)+/>ft2(i-| 2p)\ 

Replacing b from Eq. 5(a) 
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If Y is the number radicals formed per primary ionization in water and 
q is the pro])ability of rea(!tion between the radicals and the target molecules, 
f hen increase* in the redaction j)n)bability per primary ionization, due to the presence 
of this water layer, is given by 




1 fi.Hi X io» . " X 10’ . 1 


,,2/3 




. ( 7 ) 


l)u(*. to this increase in the sensitive volume, the 37 pei* (;ent survival dose in the wet 
conflitiou is smaller than that in th(‘ dry <*ondition and the surviving fraction 
S is given by 


s exp— y 


4.03 


KP . -+^' . 

1 

. />“ 


pm 

yv^^i ' 


l+2yi 1 

• /)/ 


... (H) 


\vh(M'o / is tlu^ total numb(*i‘ of [uimary ionizations p(‘r (^c of unit density material 
and (T - - 1 .33. 

If yy^^ and Off be the 37 ]K‘r cant survival doses in tln^ wet and in the dry confli- 
tions respectively then from Eq. (2j 


AT -- i.m ^ i()'2 j ■* 


1 


wheri^ Off l\ 0,^, 

Ecpiating (7) and (10) and r(*arranging terms we obtain 


//»^ 0.81 I 4.0;{\ l0’. ■ . - .,J 

• ' pl/3 Off^ ^ ^ 


1 I 2// 1^ 

^,2/3 • />//3-' 


4.2 ,10“ 


(A’-l) 


(D) 

(10) 


( 11 ) 


or a:H6.«l 




.r-J j 4 03 > 10" . 


lH-2p 

,,2.3 


4.2x10*1 


y<i 


- (A'-l) -0 


(12) 


where x ... (l.’J) 

This is H geiievHl expression giving the values of j; as a function of tile ratio 
of the dry to the wet dose (K). the shape factor of the target molecidc (p) and the 
probability of inactivation by radical furination per primary ionization {Vq). 
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This equation may be solved pmd r obtained for any particular values of K, j 
and Yq. p can then be directly obtained by using Eq. (13) from A’ and ii 
the dry condition. For quick estimation of under different specified conditions 
the charts, given in Figs. 1 and 2, have been prepared. 




Variation of .I'l with /v, tor difftaont vtihit's of 


X^f(K.p.Yq) 


: 2 3 4 S 6 7 e 9 /O // 12X10’ 

X, =fi dJ^ in[aur^] 


l iur. 2. Variation of x with xi for difforont values of Yq, 
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I L L U S T H A T I O N 

The diffusion distance may be obtained by successive approximations with 
the heJp of Figs. 1 and 2. Fig. ] gives the «approximate values of x ^ x-^ for 
different values of K and p when Yq ~ \ i.e., tlie graph is a plot of the eqtiation 

a:, *+6.81 X 10®, .*,2+4.63x10^. . a;.-4.2x 10»(A:-1) = 0 (14) 

With the help of this graph, Xi can be obtained for any experimentally measured 
values of dry and wet doses, when the number of effective radicals formed per 
primary ionization Yg is assumed to be unity. For example, if the dry dose is 
20 kilorads and tlie wet dose 6 kilorads i.e., K — 3.3, the values of are found 
to be 4.2x103, 3.0x103, 2.50 x103 and 1.88x103 for p = 1, 10, 20 and 50 
respectively as shown by the dotted line AB. 

Fig. 2 plots tlie values of x as a function of for different values of Yq 
i.e.- it gives the changes in the values of to x, as tlu^ probability of inactiv^ation 
per primary ionization changes. Tt is seen from this curve that in tlu^ above 
example, the values of .r^, obtained ju eviously. chp.»nge to x — 3.2 x lO'^ 2.2 lO^. 
1.8x10*3 and 1.4x103 respectively as Yq changes from 1 to 1.5. Thus witli the 
help of the graphs given in Figs. 1 and 2, one can obt^dn the value of 
X “ Dfi for any combination of p and Yq. 

DISCUSSIONS 

The method of estimatifm of diffusion distance developed here is of a very 
general nature and may bo applied to emy ellipsiodal tc.rget molecule of arbitrary 
sliape and any assumed vedue of the reaidion probp.bility Yq per primary ioni- 
zation. If the vital molecule is spherical, diffusion distance can be obtained by 
assuming p 1 . 

In the case of inactivation of tlie enzymes various workers (Rajewsky et aU, 
1957, Hutcliinson, 1960) have assumed spherical model. The diffusion distam^e 
calculated from the present method given in coluniti 8 of Table 1. (kdumn 7 
of the Table 1 gives the value of diffusion distance obtedned previously. Inacti- 
vation of DNA in vivo, has been investigated by Hutchinson ci «/. (1960) who. 
showed that for the tre-nsforming principle in pneiimococus cells was about 
3 megarads. Asymmetry of the molecule fm* the transforming activity was 
found to be about 40 and diffusion distance calculated from the cylindrical model 
was 8 — 10 A.U. The present method gives diffusion distance under this condition 
as 8 A.U. 

The values calculated from the present method seem to bo slightly less than 
those deduced previously. This slight difference is due to the fact that the ex- 
pression used previously for the calculation of p was AF = ^nYqipb'^+p^b). 
For p — 1, the j^neral expression (7) differs from this by a t^rm involving p®. 
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This difference arises from the fact that here an average thickness of water film 
p has been assumed around the vital molecule, thus defining a zone in which all 
radicals formed has equal probability of inactivating the vital molecule. Absence 
of p® term in the expression used previously increased the value of diffusion dis- 
tance in the case of Invertase, ADH, CoA, Cytochrome C. Howewer in the case 
of TP , the method used considered the term and the agreement between the 
two values is therefore ex(;ellent. 
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TABLE I 

DiTusion distances from the ?*m Vivo ni-diation inactivation of molcH'ulos 


Sample 

j Bi- 

' \\\'i 

in iTK'ga- 
I'ads. 

Dry 

!'>• 

: 

Vy per ' 
ioriiza- ' 
tion 1 

Previ- 

ous 

171 All 

P 

Present, 
in AU 

Ref. 

TP (RNA) 

1.2 

3 

2-5 

40 

1 5 

8-10 

8 H and A 
(1960) 

Invertaso 

6 

12 

2 

1 

0 15 

38 

33 


Alcohol d(diydro- 
gennso 

1.3 

28 

21 

1 

2.79 

31 

25 H(1980) 

rio-cnz> me A 

o 

O 

200 

67 

1 

2,70 

35 

25 


Cyto-chromc C 

1 

54 

54 

1 

0.3 

150 

105 R. G and 

P 

(1957) 
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abstract. Ono of tlio inothods of dotoiiJoiriinK tho Fierz toim in Camow-Teller- 
transitions is by inoanH of [jrG(‘iso d(»ioi*minat ions of ratio. With this in mind the 

amount of positron oinission in tho decay of Oo 58 has lx*on measured using eoineidonee scinti- 
llation methods. The measured value is 0.151 \ 0.005. Tliis ic^ads to a /C/ZPl' ratio of Zi.OB J 
0.17 to the 0.810 MeV level in Fej'^. On the nssumjHion the., the beta transition is pure 
(lamow-Tellor, thi^ Fierz term is computed to be -0.004-1 0.014. 

O K N F li A L J N T R O 1) U C T 1 0 N 
a. The interaction in beta decay 

The eentral problem in the theory of beta-clet^ay has been the determina- 
tion of the nature of the interaction re8pon8il)le for this decay. In general the 
interaction can be a linear combination of five tyjies, namely, scalar (S), vector, 
(V). tensor (T), axial vector (A) and psendosctalar (P), all satisfying the require- 
ment of r(dativisti(* invariance. Beta- Decay can be classified as allowed or 
forbidden depending on the ehange in angular momenta and parit ies of the nuclear 
states involved. The stdection rules perniit a fnrtlier distinction between transi- 
tions as Fermi or (lamow-Teller. The selection rules arc : 


Allowe(i 


First forbidden 


A J = 0 

No 

AJ 0, ±l 

Ino 0—0 
AJ-0, ±l,d.2 
Yes 

0, 11 


Fermi 

Gamow-Teller 

Gamow-Teller 

Fcrnii 


and so on. 

The Fermi transitions involve only the interactions S and P, and the inter- 
actions A and T characterize Gamow-Teller tremsitions. A transition allowed 
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by both types of selectipn rules should therefore involve S, V, A /F and perhaps 
P. There is strong evidence that the P interaction is unimportant. The fact 
that transitions obeying both kinds of selection rules are observed indicates that 
the beta-interaction is an admixture of both Fermi and Gamow-Teller types. 
It remains to determine the ratio of these interaction strengths. A study of the 
angular correlation between the electron and the n(’!Utrino in an allowed j)ure 
transition can be used to distinguish which of the interacjtions or F, or A or 
T is predominant. It is now established from, such experiments [Hermansfeldt. 
(1957, 1958), Alford (1954), Burman (1959)| that the Fermi interaction is mostly 
V and the Gamow-Teller interaction mostly A. The neutron de(;ay (mixed 
transition) combined with the decay (pure Fermi transition) leads to the 
determination of the relative strengths of Fernli and Gamow-Teller intera(?tions. 
The recent Russian measurement (Sosnovski, 1959) of 1 1.7 +9.4, min. for the 
half life of neutron leads to (('Qr^lCpY — 1.42d:^0.08. 

Considering only pure transitions, Fermi or Gamow-Teller one can expect 
interfei'enco between the two types S and V. or A anrl T. The possible existeru^e 
of such terms was first pointed out by Fierz (1937) and honeo these terms are 
called Fierz interference terms. It is the principal objeertive of the pres(*nt work 
to make an estimate of this effei^t in Gamow-Teller transitions. Rucli interference 
is possible in the electron -neutrino angular correlation expression, hut because 
of the difficulties involved in siu^h experiments these terms are often neglected. 
Interference between A and V in a mixed transition <*an also occur, but we will 
not concern ourselves with this here, nor will we ti'eat forbidden transitions. 

b. Fierz interfere rice 

The general expression foi’ the energy distribution of ehu trons (pfisiti’ons) 
in an allowed transition can be wTitten as (Gerhart, 1958) 

N(W)dW = l2n^r'^pW(W^-W)^F(Z, ±2blW)dW 

where ^ = 1|1 1 ^ | 6^ I H | f V I ^)+( I I I 

d K.VIHKVI^) 

and Ch - +y[ I J1 |2P6{A-i(f 1 + 

Here the + sign refers to electron, and— to positron emission. The other symbols 
are explained as follows . 

2 )W(\\\y-~W)^ is the statistical weight factfir which determines, in the absence 
of the coulomb field, the sharing of energy between the electron and the neutiino. 

P(Z, W) is the coulomb field factor which represents the effect of nuclear 
charge on the emitted electron 

p is the momentum of the electron 
W is the energy of the electron in relativistic units 
Wq is the maximum energy of the electron or positron 
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k - /l/JA 

where J 1 = the scalar matrix element 
J' /y — the vector matrix element 

k - I only if tlio motion of the nucleons is non-relativistic, since in this case 

/y n --= 1. 

Putting A — 1 we get 

f K-VIH KV'I*)IJI|^ 

■+(K’J=*-l KrIM K’/^VKV*)|/,7f® J 

is called the Fier/ interference term. Here 7 — \/l— (aZ)“~ J represents the 
si^reoning effect due to the atomic electrons. 

=r= T — is the coupling constant for parity (jonsei ving interaction 

(h* ~ Y.AyT — is the coupling constant for parity non-conserving 
interaction. 

The complex eonjugation on the coupling constants represontn the possibility 
of time n*versal non-invariance in the beta-decay process. 

An immediate (?onsequon(i(' of h 7:- 0 is that tlu' spectral shape of an allowed 
transition will deviate from the statistical shape boeause of the inverse depen- 
dence on W througli h. One way of seeing this deviation experimentally is to 
])lot the form facd-or 

N{W)IF{Z, W)pW{Wq—W)^ as a function of W. From this kind of ana- 
Ij^sis the limits set on fcr/y are —0.09 < < 0.20. Because of the weak depen- 

dence on W such deviations arc rather hard to detect. Further the analysis has 
so far been generally restricted to Gamow-Teller transitions only. Recently, 
Daniel (1958) has a])plied this method to estimate the Fierz term in the decay of 
^13 (iy2“— 1/2 ). He obtained hp = 0.14 using the ft value to evaluate the 
Fermi part of the matrix element. 

Integrating expression (1) over the allowed spectrum, we obtain 


(2) 2n^(ft~^) In 2 == (2) 

where /= J F(Z, W)pW(Wq~W)HW is the so-called Fermi function and 

Wo 

/-I J F(Z, W)p[W^— W)HW = < is the expectation value of over the 

1 

allowed spectrum. 
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Thus a consequence of 6 0 is that the ft values will depend on From 

a plot of 27 r® [/iJ 1 1 1 2 ]-i in 2 vs 27' which should give a straight 
line provided k ~ I and the matrix elements remain the same Gerhart (195^) 
finds from an analysis of data for 0 0, No (Fermi) transitions -Qi* AP® and 
that 




the chief uncertainty being due to the assumptioi^ regarding k, (Rei'ently Altman 
and MacDonald (1958) have considered th(‘ effect of coulomb and relativistic 
corrections to the evaluation of the Ficrz term and conclude that th(‘ eonxMitions 
arc within experimental uncertainties.) The m^jltrix elem(*nls were evaluated by 
Gerhart on the basis of charge independence of nuclear forces. 

Another fruitful approach f(3r the evaluatipn of b has bi'cn the method of 
iC-captiire to positron branching ratios first exploited by Sherr and Miller (1954). 
In the following section we will describe th(‘ informalir)n that can be derived from 
a study of ratios and in })articular about the Fierz term. 

0 . K'Capiure positron hranrhinq ratios 


The study of tlie shapers of !)(?ta-.speclra together witli th(‘ ft values and th(i 
shell mode] (to determine parities) has been very useful in (classifying transitions 
as to the ordei* of forbiddenness. When, however, between two luichvu' stat(‘H 
enough energy is availal)lc both for A"*capture and positron (uuission, a useful 
quantity that, can be measured is the A'-capture positron branching ratio. In 
fact, it was one of the early triumphs of tlie Fermi theory of b(^ta-d('cay tliat the 
A-capture inode of de(^ay was observed as predicted. A measurement of the 
ratio (jan be used to find the energy difference bctwetui twu nuclear staters if it 
is known otherwise that the transition is allowc^d. Howesver, it is observtv] 
(Zweifel, 1957) that all allowed shaped transitions (m<»st first-forbidden transi- 
tions) have allowed branching ratios also. Thus it is not possible to (h^termine 
whether an allowed shape transition is imleed allovverl, without a knowledge of 
the parity change. However, the ratio does show a detectable change for 

unique first forbidden and higher transitions intensified with increasing order of 
forbiddenness (Brysk, 195S). These latter transitions can probably be much 
more easily identified on the basis of the shape of the positron spectrum and 
life-time. In siujIi cases Klfi^ ratios can only serve as an additional check on 
the assignment. However, the chief virtue of measurement of A//i^ ratio for 
supposedly pure transitionsis that it lends itself to the estimation of small-order 
effects in beta-decay such as the Fierz term. Consider a pure transition, say, 
a Gamow-Teller transition. Then for this transition tlu* pi'obabilitv for i)()8itron 
emission is 

P, = i, { F(Z, W)pW(W^-Wmi-2hlW)dW 
271 ® J 
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where the varius quantities have already been defined. (Note that the terms 
involving and Cy are set equal to zero.) 

The probability for A'^-capture to the same state can be written as 

I S(l+ 26 ) 

where gi?(R) — - jj is the Dirac radial function, 

H'q — total energy available for tlie transition in units, 

Wg = y « 

So that the ratio of /T-capture to positron emission becomes 

Wi.rgtHRm+2h) 

( 1 / 27 ^ 3 ) / " F{Z, W)pW{W^-W)HWi(\-2hlW\ 

If the Fierz interference term were zero, then putting 6 = 0, wo get 




(l/4fl'*)(J^HW*(«) 

w„ 

1 /27r* ; F(Z, W)pW( If 0- If )^dlf 


.. ( 2 ) 


Dividing Ecj. (2) by (1), w'e obtain 


K/i?„ = 


1+26 

|1- 26<If-i>l 


where < has already been defined. 


, R/^ I 

2[l+RIR,<W-^>i 

Thus a luoasurenient of E can be used to evaluate b. It should be noted that 
the matrix elements cancel out in the ratio. 

Before comparing the theoretical Ar//y+ ratio with the observed value, correcjtion 
for the finite size of the nucleus and screening of the positron and the bound 
A^-electron have to be made. Further, if the measured quantity is the total elec- 
tron-capture, then correction for capture from higher shells has to be made to obtain 
the A'-capture alone. 

For allowed transitions the finite size correction has been shown to be negli- 
gible (Zweifel, 1957). The screening correction, on the other hand, is not insigni- 
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ficant. Recently Perlman, Welker and Wolfeberg (1958) have evaluated the 
effect of screening on the positron wave function and have given in graphical 
form the ratio of screened to unscreened values. For most Z values of interest 
the screening on the iT-electron is taken into account by putting Z^f furtive “ 
—0.3. Zweifel (1957) has evaluated the deviation of the actual Z^f/ from this 
Slater screening. Regarding correction for capture from higher shells, only 
iy-capture is important for most cases of interest. (At high Z, ilf-capture also 
becomes important.) Correction for L-captura is obtained by using JjjK ratios 
given in graphical form by Rose and Jaekso^ (1949). 

We have applied the ratio technic^ue for the decays of Co'” 

and Na^2, all pure Camow'-Teller emitters, to dbtain the Fierz ini erferemu' term. 
The results on Ga*” have been reported (Ramaajwamy, 1959a) briefly at the (Cam- 
bridge meeting of the AiHorican Physical Sjbeiety,* and publish(‘d elsewluMc 
( Ram as warn y, 1959b). 

I N T R OD XT 0 T I O N 

72 day (.^o-5K rlecays by electron capture and positron emission t-o th(^ 
0.810 MeV level in Fe-58 followed by a gamma-ray of this energy to the ground 
state. Besides, there is a w^eak electron-capture branch (2%) to the st‘cond excited 
state at l.OBMeV. This level de-excites itself predominantly by the emission ot 
a gamma ray of 0.820 MeV to the 0.810 MeV level and partly by the emission of 
a gamma ray of 1.H3 MeV to the ground state of Fe-5H. '^fhe decay scheme as 
given by Frauenfelder et al. (1956) is reproduced in Fig. 4. The ond-})oiiit of the 
positron spectrum is measured to be 0.472±0.006 MeV (King, 1954). No positron 
emisshm to the ground state of Fe-58 has been observed. The s]>in of 0.810 
MeV level is 2+ from systematics of even-even nuclei fScharff-Goldhabcr, 1953). 
The spin of the second excited state at 1.63 Mev has been assigned 2^ from angular 
correlation studies. This is consistent with the presencje of a cross-over gamma 
transition to the 0^ ground state. The decay of C()-58 to tiv' 2 < states in Fe-58 and 
the absence of transition to the 0+ ground state suggest a spin of 2^ or 3^ for 
Co-58. The spin has been directly measured to bo 2 by Dobrov and Jeflries (1957) 
by means of paramagnetic resonance experiments. The assignment of 2 ^ to Co-5S 
makes the beta transition to the 0.810 MeV level allowd by both Gamow-Toller 
and Fermi selection rules - 0, No). However, recent nu(dear orientation 
experiments of Dagley et al. (1958) have shown that the anguar distribution of 
the 0.810 Mev gamma ray is consistent only with the l)eta transition being pure* 
Gamow-Teller, the amount of Fermi admixture being 0.005-t0.003. Thus the 
measurement of electron capture to positron branching ratio to the O.SIO MeV 
level becomes of obvious interest from the point of view of determining the Fierz 
term. 

Good nl. (1946) and Cook and Tomnovoc (1956) have mea8ure<l the ratio 
of total electron capture to iKisitron emission in th<* decay of Co-58 to be 5.9 i:02. 

3 
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When account is taken of the weak electron capture branching to the 1.63 MeV 
Jevel, the Kl(i^ ratio to the O.SIO MeV level becomes 5.8±0.2. This result was 
(jbtained by comparison of the intensities of the annihilation radiation and the 0.81 
MeV gamma ray. and by a knowledge of the efficiencies. After the work to be 
described on Co-58 had been completed and briefly published by the author 
(Ramaswamy. 1958), the work of Konijn et aZ. (1958) on the same subject has come 
to attention. By using beta-gamma coincidence technique these workers deter- 
mined the ratio to be 5.67ib9.14. 

Neglecting the weak electron -capture branch ('-^2%) to the 1,63 MeV level 
for the moment, the fraction of positrons in the decay of Co-58 can be expressed 
as /^ — /y/2c(r, where c is the singles counting rate for the 0.810 gamma ray, /? is 
the (joncidence rate between the 0.810 MeV gamma ray and the annihilation 
radiation, and (r is the efficiency for detecting the annihilation radiation. The 
value of when corrected for the presence of the weak branch will give the desired 
6//Z+ ratio to the 0.810 MeV level. 

EXPERIMENTAL 

Through the courtesy of Dr. R. W. Hayward of the National Bureau of 
Standards, (k)-58 source was made available for studies. Unfortunately this 
source (contained an appreciable Co-60 impurity. Co-58 was evaporated onto 
a 0.0003" mylar foil and sealed with cellophane. The sandwich was then squeezed 
between two Incite slabs each 1 .3 mm thick and 1 cm square. The whole assembly 
was then sealed with black tape. Thus the positrons from Co-58 (0.470MeV) 
were completely stopped. The 0.810 MeV gamma ray was detected in a 2" 
cube Nal(TI) crystal and the annihilation radiation was detected in a lj"xl" 
Nal(TI) crystal. Source to detector distance of 1" to 1^" was used. A typical 
singles gamma spectrum measured in the 2*" cube crystal is shown in Fig. 2. 
Besides the annihilation radiation and the 0.810 MeV gamma ray belonging to 
Co-58, gamma rays at 1.17 and 1.33 MeV arc also prominently seen. The 1.63 
MeV gamma ray of Co-58 is too weak to be seen, and no effort was made to observe 
it. In order to determine the number of counts in the 0.810 MeV photopeak, 
it is nec^essary to subtract the Compton background due to Co-60 gamma rays. 
In order to do this a pure Co-60 source was substituted and its spectrum was 
carefully normalized to that of Co-58, 60. The dotted curve in Fig. 2 shows 
the normalized spectrum. For the coincidence measurements a single channel 
analyzer was set on the photopeak of the annihilation radiation and the spectrum 
in coincidence was obtained by gating the 20-channel analyzer with the annihi- 
tion radiation. The coincidence spectrum thus obtained is shown in Fig. 3. It 
is observed that the coincident 0.810 MeV gamma ray is superposed on a rather 
high background due to Co-60. In order to estimate and subtract this background, 
a coincidence si)ectrum was taken by replacing Co-58 by Co-60 and the spectrum 
normalized to the Co-58 spectrum. The resulting background was thus subtracted. 
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Tn order to check on the reliability of this procedure, the 0.810 MeV gamma ray 
was measured in triple coincidence with the two anniliilation quanta. From this 
it was concluded that the background had been correctly estimated. The acci- 
dentals were about 10 per cent of true coincidences in the doubles spectrum. 

In order to determine < t , the efficiency for detecting annihilation radiation 
initially a calibrated Na'^‘^ source (accurate to 3%) was used. By measuring the 
area under the photopeak and knowing the source strength one could compute 
the efficiency. A more accurate efficiency determination was made as. follows: 
A source (a pure positron emitter of 10 minutes half life) was produced by 
>)ombarding a 2 mil polyethelene foil for 10 minutes with I MeV deuterons at the 
Johns Hopkips I'^niversity Van de Graaff generatqr through the court<^y of O.N. 
Hask. After the bombanbnent the foil was cut into a tin^ piece approximating 
the dimensions of the Co-58 source and sandwiched between two freshly cleaved 
Nal(TI) crystals 1.2 mm thick and 1 cm square, and mountecl in the same geometry 
as the Co-58 spurce. The beta spectrum observed in “this system is shown in 
Fig, 4, The energy calibration of the counter was made after the source was 
dead by using external gamma ray sources of Co®’ (0.123 MeV), Cs^®’ (0.661 
MeV) andNa^® (1.28 MeV). A Fermi plot of the spectrum is shown in Fig. 6. 
It has an -fend-point of 1.1 6 ±0.06 MeV, in good agreement with the value of 
1 .20 MeY (ScharfF-Goldhapper^ 1953). By following the decay of the activity 
for 3 half- lives, it was concluded that no impurities were present. Under the 
conditions oFthe bombardment, no othpr unpurities were likely to be formed. 




620 


M. K. Eamaawamy 


The beta-speeiniiii was measured in coineiden(!e with the annihilation radi- 
ation photopeak which was detected by the same l|"xl"NaI counter whose 
efticiencv was to be determined. A portion of the beta spectrum is shown in 
Fig. b. The efficiency for dete(5ting the annihilation radiation is simply the ratio 
oi the beta.Hf)ectrum in coincidence and in singles when corrected for decay. 



Fig. e. 

Further, since the crystal source was mounted on a light pipe, a correction for the 
absorption of the 0.611 MeV gamma ray has to be made. This is of the order 
of 3.7 %. Since the positrons from Co®®(0.470MeV) and those from (1.2 MeV) 
have different ranges in Incite and Nal respectively used to annihilate them, one 
might think that a correction for solid angle has to be made. However, the range 
of 0.470 MeV positrons of Co®® in Incite is 1.4 mm and that of 1.2 MeV positrons 
of in Nal (Tl) is 1.16 mm. The actual thickness used to annihilate the posi- 
trons were 1.3 and 1.2 mm respectively. A source to detector distance of 26 mm 
was used. In view of these circumstances the solid angle correction is less than 
1 %. 

R E S U L T S 

Table 1 lists the results obt«^ined. The uncorrected is 0.147 ±0.006. Refer- 
ing to the Co-68 decay scheme (Fig. 1), it is seen that 1J% of the 0.810 
MeV gamma rays arise from the 1.63 MeV level, and another 1^% arise from 
cascading to the ground state. The undOrrected has therefore to be multiplied 
by 0.03 to get the corrected value of In order to obtain the amount of elec- 
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tron-capture to the 0,81 Q MeV level, it should be noticed that 2% of the Co-58 
transitions lead to the 1.63 MeV level. Hence e -r 0.98-0,151 ±0.005. Thus 
the 6/^+ ratio to the 0.810 MeV level is computed to be 5.49 ±0.1 8. The error 
introduced in the value of 2% for the branching is very small. 

D I S 8 8 1 {) X 

The 6'///+ ratio computed above has to be corrected for 8% />-(tapturc 
to give (Gerhart, 1958) the value ratio. The value so obtained is 5.08 ±0.1 7. 
The theoretical value is 5.15±0.24 correspondfeng to maximum beta energy of 
0.472 ±0.006MeV. Thus our value is in excellcpnt agreement both with theory 
and with previous measurements. As before, tj^e Fierz term is computed from 
the expression 

h — __ 

For Oo-58 < W~^> — 0.76 corresponding to = 1.924. 

h = -0.004 ± 0.014 


TABLE I 

Summary of results on Co^** 


(Kor KymbolH hoc^ text) 
c = 91. (M) .L 1.12 q)H 
/I -= 0.2.t2 -f 0.003 
a ; (a) from Na^- 

Sourcf strongth =A^, — no. of positron8/min = (3. 10:L0. 10) x lO-^/i'/min 
a no. of c*t8 in tho 0,51 I photopoak— 47 .0 J_0.0 op« 
a - a/iVo = ( 8 . 92 i 0 . 33) X 1 0'« 

(b) from iSrJ3 
i\i5.(j.[)=r358.0-| 0.0 opm 
A*/? — 23200 \ 150 opm 


a ^ I :^-(9.02J_0. 18)x IO--> 

Np 

/+ ( unooi‘r(^otod) — /I /2c'cr “ 0 . 1 47 0 . 005 

/, (corrected) -(0. 147 ±0.005) 1 .03=-0. 151 -t0.005 
f -0.980 -/. =0.829±0.(>05 


e/|9t 


0.829 ±0.005 
0.151 ±0.005 


-5.49±0.18 


L/A-0.08 

-5.08±0.17 


V O N C L IT 8 1 () N 8 


The fraction of Co-58 decays by positron emissioii has been measured by 
coincidence methods using Nal crystals. The value is 0.1 51 ±0.005. This value 
leads to a ratio of 5.08±0.17 for the beta transition to the 0.810 MeV level 
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The theoretical ratio is 5.16±0.24. The Fierz term is computed to be -0.004^0.014. 
It is rather striking that the theoretical value of ratio has a larger error than 
the measured value. 

It follows then that the Fierz interference term is extremely small. Unfor- 
tunately Co-58 is not the best case, since a small admixture to Fermi component 
in the beta transition may invalidate the conclusions reached so far. 
However, if it turns out, as is likely, that the Fermi component is zero, then 
it may be worth while to measure the' end-point of the positron spectrum more 
ac(!urately. 'The smallues.s of the Fierz term has been conclusively shown from 
Na** decay (7?amaswamy, 1969c) 
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ABSTRACT. Bom’s first approximation foimula^^hos Ikhui ap[)lioil lu'n' to calculato 
thi^ clifferi'iitial cross s(3ction of scattering of an c'lectroii by an exc-ited lielium atom. It is 
found that tiie cross section of scattering of electrons of tOO eV energy by excited atom is 
v(3ry nearly the same as that by screcined II atom ; the ojfoss section of scattering of th<‘ same 
by ban3 He nucleus is slightly greater than botli of thf‘ift. Howevc'i*, the experimental cross 
s<3ction for ordinary He is considerably larger than theflie three theoretical results at angles 
above 80^, wliereas at angle's below 70' , the ('xpi'rimental values are less than all tlu‘ theoreti- 
cal ^'alues. 


INT 3l()Dtr(lT J ON 

Various models have been proposed to take into account the streeuing 
effect of the two eletdrons surrounding the nuclear (‘harge. To calculate the 
above screening, Hyllcraas (1929) has taken the wave function of the Schrbd- 
inger equation to be a producjt of two wave functions in the Is state with 
Z — J, Z being the nuclear (jharge value. 

Huzinaga (1960), on the other hand, has taken symmetrized jirodnct of two 
wave functiousa in Kv state with fcwo different Z values. 

In the present paper wo propose to study the })rohlcm of scattering of 
electrons if the target atoms are already excited. In actual experimental 
conditions, the target atoms are also excited by inelastic t ollifions, to that there 
is always a certain fraidion of the number of atoms which are in excited states ; 
it is worth while to see how the scattering is effected by the excited states of 
the target atoms. Here we arc considering one of the electrons to be in its ]s 
state and the other in 2^ state. 

M A T H K M A T 1 C A L K E S U h T S 

The potential function of atom having two electrons is givin by 


ri = 0 Tj = 0 


1 

\r-r^ 




( 1 ) 


whore the co-ordinates of the two electrons of the atom arc denoted by Vy and 
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A-jj and r is tlie co-or(liuat« of the incident electron with the nucleus as the 
oi-igin. ijr is the wave function of the system and is taken to be 


\/^A 


wliero 


{ ^2 2e 


3 Zir 




and the noriualization factor N is given by 


{ 1-1 ) 


iSubstituling (2) in(l) we obtain for V the following expiossion 




■bf ■ 


C 1 -^ 

\r 4r/,, (Lr ((,i^ / 


«- \*z,^z./> 2 Y . a mz^ -z,) 

l a/„3 [2Z^+zJ ^ ' ^’]\2Z,\ Z., 


V^^r__ 8a,2(2Zi - 32,) _ 8(2, ~ 2.,),., 

( 22 , + 2 ,)-^ ( 22 , -I 2 ,)» ■ r 




To calcjulatc the differential scattering cross section (t{0) which is \f(d) | ^ wo 
Born approximation jn^dhod in which f(0) is given by 


S/r'^m f sin kr . « , 
-y-V{r)r^dT 


.. ( 4 ) 
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Substituting the value of T from Eq. (3) in Eq. (4) wo obtain 


f(G) 


2me^ 

w 


(«.%,)■ 


X [ 16 VZ.* ( )’ 


fW«.‘+8Z,> 4V 




'{2z,-^z.,n(2z,+z^r+tkW} 


where R--t{2ClZ,-\ Z.^^ /!-u„-8(2Z,+^?2)Pn„*H«4J2i* IfijSi-’Z.. 

- H\Z^Z.^ 14;?„'+32Zi»Fno^~8J(522F«„2} 

I 2;iv/„(32;;,2 i-4()Z,»z,-i sz,z./)i(2z, -24(;22 i-2;?,)Pr/„*-i itiji-V} 

If we put - - 2, Zo -- I , we 


R<>) 


2a 


I) 





^•2n„3(324.A-3«„3) 

d«4‘FV)3 


k‘^(i, 

(I +k^a 


{( 4Fn„H4e«„«+^V) } 


In the above we have iiep,leetcd the eontribntiou of the last term of the 
expreRsion (5) as it is^verj^ small eomj)arefl with those of the other terms. 

D T S O r S 8 T () N s 

In the table below we have given the numerical values of the differential 
cross section at different scattering angles for the incident electron energy of 
700 ev. For comparison we also give similar values of the differential cross 
section when the screening due to the electrons is completely neglected. 
In the third column the experimental values (Hughes, Mac Millan and Webb, 
1932) are added. 
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tabtj: I 

Energy 7(M) ev 
\J(0)\^ in units of cm^ 


e 

Prosent. rosult. Coulomb fiold 

Experimental 

values 

.57" 

17.19 

20.25 

15.5 

72" 

8.4 

8.8 

8.12 

87" 

4.46 

4.7 

5.10 

102° 

2. .37 

2.88 

3.97 

117" 

1.97 

2.00 

3.. 56 

132 

1 .48 

I .53 

3.44 

147' 

0.9 

1 . 25 

1 .,54 


From the above table we find that the present theoretical cross seetiou 
of scattering of electrons of 700 ev energy by excited He atoms is considerably 



1. Differential acattaring oroas aootion ia plotted against angles in degrees. 
The curves marked E, B, M andC represent respectively the experimental 
results and the theoretical results of Bhattacharyya, Mukherji and of 
coulomb scattering of the bare nucleus. 
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lower than the experimental eross aeetit)n of scattering by ordi)iarv He, at 
large angles of scattering. The theoretical cross section of scattering by 
screened He atoms in the ground state calculated by the niethod of Born’s first 
approximation (Mukherjeo, 1961) irfgivdiin the graph and found to be very 
nearly the same as the S(?attmng cross sectioti by excited He atoms at angles 
above 90 , and slightly larger at angle beloAV 90'\, The cross section of scattering 
by bare nucleus calculated by the first Born a]^)roximation method is larger 
than both the theoretical cross sections either by ordinary He atoms or by 
excited He atoms; this shows that the influence screening is not so appreciable 
at this energy of the incident electron. Mor^^ver, the fact that tlic cross 
section of scattering even by hare nucleus calciilattHl in the first Born ap])roxi- 
mation is much lower than the experimental fi|idings at angles greater than 
80 3 scorns to indicate the inadequacy of the fiifst Borh approximation and the 
necessity of taking into account higher order terons of Born series. 
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ON THE SINGLET-^TRIPLET ABSORPTION IN A FEW 
POLYSUBSTITUTED BENZENES IN THE 
VAPOUR STATE* 

J. K. ROY 

Optics DepvVtitmrnt, 

Indian AssofiATTON for the Cultivation of Sctence, 

Calcutta-32 

(Rpveivetl November 13, 19()1) 

A11STKA(T. The nhsorplion Hportra in the noar nltraviolot rogion of ortho-, Jnola- 
and i)arafluorol()lu(mo, m-ohlorotoluoTK*, 2, 4-dirhlorotoluono and 3, 4-diohlorotoli]f*np in tlio 
vnponr slalo at Mh' ronVn temporal iiro and with a path length ocpiivalent to about 7 mm of 
the liquids fiav(' Ix'on invodigat<Mi and oompared with those duo to equivalont i)ath lengllis 
of the licpiids. In tlio eas(' of 2, 4-diehlorot.oIueuo and 3, 4-diehlorotohieno tln‘ s])eotra hnv(‘ 
also boon photographed with tlu' va])Ours at about 20r)''(' using a high dispersion sp(‘etrograj)^j. 

Tt lias t)eou observed that ih<^so vapours exhibit eont inuous absor])tion starting at diff^'- 
rent ])oints in tin* region lying between 26000 cm*i and 32000 om-i and increasing towards 
longer wav('lengths. When the vapours are liipiefied the region of absorption sliifts towards 
longer wav^elengths, the shift being larger for ortho compounds than for tlie para eomt)ounds, 
but the long wavohmgt h limit in the spectra of the isomeric molecules m licpiid stall' are almost 
identical. It has biu'u found that the spectra due to the vapours at different ti'mperaturi's 
are identical. Thc^se n^siilts have been diseuased. 

1 N T B 0 T) tr r T 1 0 N 

The absorption spectra of some substituted benzene and toluene (*,ompounds 
in t he vapour stat-e at tlie saturation vapour pressure of the substances at the room 
temperature and with a path length of about IS. 90 metres were studied recently 
by Sirkar and Tloy (19()0) and by Hoy (1901). They observed weak eontinuous 
stnud-ureless absorption spectrum in the near ultraviolet region at large distances 
on the long wavelength side of the region of absorption due to singlet ->singlet 
transition. They assigned this eontinuous absorption to singlet triplet transi- 
tion in the moleiudes. It was further observt'd that the continuous absorption 
increases considerably in some cases when equivalent path lengths of the subs- 
tances in the liquid state are used. It was concluded that the increase is due to 
perturbation by the surrounding molecules of the same kind in the liquid state. 

In the previous experiments long path of the vapours at low pressures at the 
room temperature was used in order to obtain sufficient path lengths of the vapour 
equivalent to that of the liquid without change of temperature. It was not known 
whether the continuous absorption spectrum attributed to singlet— ►triplet transi- 

•Communicated >)y Vrofossoi' S. 0. Sirkar 
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tion in the molecules is affected by temjwratiire and pressure. It was, therefore, 
thought worthwhile to study the influence of temperature on the absorption due 
to the vapour. For this purpose the absorption spectra in th(‘ near ultiaviolet 
region in two dihalogen substituted toluene's in the vapour state at the saturation 
pressures at the boiling points of the li(|uids and with path lengths of 140 c*in 
have been investigated and compaied with those dm' to ecjuivaient fiath lengths 
of the substances in the vapour and liquid states it the room tem])eratur(‘. 

The influence of heavy atoms as substituents in the benzene or naphthalene 
molecule on the singlet —>triplet absorption speeti iipi was investigated by previous 
authors (McClure, Blake and Hanst, 1954) but it was not defiriitt'ly known how 
such an influence changes with the change in podltion of the substituents in tlu' 
ring. To find out such changes the absorption sjectia of a feu' halogen substi- 
tuted toluenes in the vapour state at the saluratik>n prwsiires at the room tem- 
perature have been investigated using a ])ath length about IS.9(1 metres and 
com[)ared with the spectra flue to the li((uids with ctpii valent ])ath h'ligths. 

K X V K K 1 M K N T A L 

The substances sele(!t(*d for the present investigation are ortho-, meta- and 
parafluorotolueiK', metachlorotoluene, 2-,4-diehlorotolu(*n(' and d, 4-dichloi‘o- 
toluone, Orthofluorotoluene of chemically pure quality was obtained from Dr. 
Theodor S(*huehar(lt, Cermany, meta- and paralluorotolueiu' from Kastjuan 
Kodak Co., U.S.A. and metachlorotoluene, 2,4-dichlorotoluene and 9, 4-dichh)ro. 
toluene from Fisher Scientific (V)mpany, C.S.A. The (*oh)urless samples were 
distilled several times under reduced ])ressure before' being used in th(' ])r('sent 
investigation. 

The experimerdal arrangejnent for recording the ultraviolet absorption s]>ectra 
of the Hubstances at tlie room temperature was the same as that employed in the 
previous investigations (Sirkar and Roy, I9()0; lioy. IIKII). The absor])tion 
spectra of the substances in th{‘ vapiuir state w here photogiaj)hed first by filling 
the 18.90 metres long absorption cell with the vapours of the compounds at the 
saturation pressures at about 24°0. The pressures measured with a differential 
manometer were found to be about 60 nim, 50 imn and 45 mm of Hg in the cases 
of the fluorotolucnes, metachlorotoluene and dihalogenated toluenes respectively. 
The equivalent path lengths of the liquids were 7.4 mm, 6.5 mm and 6.4 mm 
respectively. In each case an empty cell of length equal f.o equivalent path 
length for the liquid was first placed in the path of the beam while f he absorption 
spectrum duo to the vapour was recorded with a cell of length 1S!)0 cm. The long 
cell was then evacuated and the short coll was filled with the pure liquid and the 
absorption spectrum of the liquid was photographed by the side of the spectrum 
due to the vapour. An Adam Hilger medium quartz s|)ectrograph giving a dis- 
persion of about 22 A/mm in the 3500 A region was used for tins purpose. 
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1''he absorption spectra of the substances in the vapour state at temperatures 
near about the boiling points of the liquids were studied in the eases of 2, 4-dichloro- 
toluene and 3,4-diehlorotoluene using a 140 cm long Vyrex glass cell fitted with 
ffuartz windows. The cell was placed inside a long cylindrical heater and was 
heated to a temperature slightly above the boiling point of the licpiid and another 
heater was used to heat the liquid contained in a bulb attached through a side 
tube to the long cell. The temperature of the bulb was raised to the boiling point 
of the liciuifl and was kept constant during the experiment. The corresponding 
path length for the li(|uid was 7.0 mm in each case. After photographing the 
absorption sj)ectrum of the vapour, that due to the liquid at the room temperature 
was j)hotographed on the same film using a cell 7.0 mm long and the same time of 
cx{)osure. The continuous spectrinn flue to the incident light was also photo- 
gi'aphed in order to cH»mpare the absorption spectrum of the vapour with the 
sj)ectrum of the incident light. A Hilger E. 470 automatic cjuartz spectrograph 
giving a dispersi<m of about S A/mm in the 350d A rt^gion was used for photograph- 
ing the spectra of the vapours at high temperature (205'’(^). Agfa Isopan films 
backed by metal plates were used to photogi’aph th(* spectra. Iron arc spectrum 
was photogra])hcd on each spectrogram as comparison. Microphotomctric 
reconls of the spectrograms were obtained with a self-recording micro photometer 
made by Kipp and Zonen. The wave lengths in the continuous absorption spectra 
werc^ measured by drawing a sharp line across the spectrogram in th(' position 
of a known iron line in the adjacent iron arc spectrum and c.oinparing the micro- 
photornetric record of the iron are spectrum with that of the absorption sj)ectrum. 

It K S U L r 8 AND D 1 8 V 8 8 I 0 N 

The microphotometric records of the absorption spectra due to pure ortho- 
fluorotoluene and parafl u or o toluene in the liquid and vapour states at room tem- 
perature are reproduced in Figs. l(a)~l(d), those due to pure 2, 4- and 3, 4-(lichlor()- 
toluene are reproduced in Figs. 2(a)-2(d). The records due to pure />i-tluorotoluene 
and m-chlorotoluene are reproduced in Figs. 3(a)-3(d) respectively. The micro- 
photometric records of the absorption spectra due to pure 2, 4- and 3, 4-dichloro- 
toluenc at the high temperature are shown in Figs. 4(a), (b) and 5(a), (b) respec- 
tively. The reference line in the records has the wave length 4046A. 

It can be seen from Figs. 1, 2, 3 and 4 that the vapours of the substances 
show continuous absorption in the region 3600 A~3300A and its strength increases 
rapidly tow^ards shorter wavelengths starting from the long wavelength limit. 
The position of the long w avelength limit is slightly different for the different com- 
pounds. Also the relative positions of the substituents has some influence on the 
strength of the S-->T absorption, as can be seen from a comparison of the records 
due to ortho- and parafluorotolueno in Figs. 1(a), 1(b), 1(c) and 1(d) and those 
due to 2, 4-dichlorotoluene and 3, 4-dichlorotoluene showm in Figs. 2(a), 2(b), 
2(c) and 2(d). It appears that in the vapour state the strength of absorption 
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4()4GA 



4()4(;A 


L (a) 2,4-l>i-fiIoroto]u«%iio (liquid ) Hi 3(1 (\ 

(b) 2,4* P )K‘)iI()t‘ot (ilu( ii(‘ ( \ iq )M IT ) at 2('r/(' 



;>. (a) 3, 4-Dichlort>toIut-iU‘ (liquid j 30 

(b; 3,4-DiahlorotoJueiH* (vapour) at 20 r> (' 

at about ()()() cni"^ is larger in the, case of ^-fluorotoluone than in the case of the 
ortho (H)inpound, hut the increase in the strength due to interniolecular field in 
the liquid is larger in the latter case than in the former case. Fig. 2 on the other 
hand shows that absorption due to the 2,4- and 3, 4-dichlorotoluene in the vapour 
state is almost identical in resirect of position an<l strength, but the increase due 
to interm olecular field in the liquid is larger in the latter case. 

It M^ould be interesting to find out how far the strengths of absorption in the 
vapours of the different substituted benzene molecules can be explained with the 
help of vector diagrams which were used by Platt (1961) to explain the singJet-> 
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singlet systems of such (,M)mpouii(ls. Jt was shown l)y Platt that the transition 
iiioiuents duo to tlie su})stituents and halogen atoms have the same sign in 
the ease of singlet -^singlet transition. Assuming this to he true foT the singlet 
— ^triplet transition pJso, it ean he seen from th(‘ veett»r diagrams for trisnbstituted 
benzenes the^t the I’esultant transition intuneiits for 2, ‘4-diehlorotoluene and 3. 4- 
diehlorotoluene are exactly the same. The eitrv(‘s in Figs. 2(h) and 2(<l) show 
that the strengths of absorption and }>ositions of the legion of ahsorj)tion in tin* 
v^apoiirs of the two (‘omponnds are the same. ^^Afeiain, the vei‘tor diagrams foi’ 
disuhstituted l)enzenes show' that the transition |nom(‘nt of the })a!a substituted 
eonipound shouhl bi‘ larger than thr.l of the ortjio substituted compound. Tlie 
curves in Pigs. l(f>) and 1(d) show tlu’4 the experiipental results agree with thos(‘ 
deduced tiom llu* vector diagrarJis. Figs. 3(^) iind 3(d) also sliow that the 
heavier at-om cliloi ine pj-oduces a larger transition moment than the lighttu* substi- 
tuent atom fluorine both situated at the meta pofeition. 

Tt. a])|>ears fioni these results that the substitiient atoms mHk(‘ the forbichlen 
transition to tlu* triplet state allowed, but the u}>per tri])l(4 state becomes very 
bi’oad and diffuse. Probid)ly tlu* perturbation due to the substituent atoms 
changes the* natine of coupling between th(‘ spin aufl orbital angular momentum 
so that the resultant spin is not (juantised and this may explain tlu* continuous 
nature of the upper state. 

It ^an be seen from th(‘ curves re])roduced in all tlu' figurt^s that thc‘ region 
of absorption shifts towards longer wavehmgths as tlu* vapour is licjuefied, the 
shift being different for the different compounds. It is remarkable, howHwer 
that the long wavelengtli limits for tlu^ curves due to isomeric molecules wdth the 
same substituents a!*(* exactly the same. This shows that tlu* [)ei*l urbation due to 
the heavy sid)stitu<*nt atom in the neighbouririg molecuk* is res])onsible for the 
shift of the s])e(4rum. As this effec^t is exhibited mostly by polar molecules it 
may not be unlikely that formation ol’ loose dimers takes place in the licpiid 
state and the shift may lx* part ly due to such })ond-forination. 

Fig. 4 shows that curves due to 2, 4-diehlorotohH*.ne in the vapour state at 
205°(^ and in the liquid state at 3(1 A comparison of tlie curve due to the 
vapour at 2tir>T\ Pig. 4(b) with that due to the vapour at 3t)''(^ reproduced in P^ig. 
2(b) sliow's that the tmrves are identical. This sfu)W's that temy>erature and 
pressure have very little influence on the absorption. 

The microphotometrie records of the spectra due to 3,4-dichloro-toluene in 
the liquid state at 30°r and in the vapour state at 205®(^ photographed wdth the 
high dispersion spectrograph and reproduced in Fig. 5 show that in both the curves 
there is a tendency for the formation of a very broad maximum. The centre of 
the maximum is at about 29200 cm-^ in the case of the vapour. The maximum 
is more prominent in the case of the liquid and its centre shifts to about 28500 
cm~^. Such a phenomenon is not exhibited by 2 ,4-dichlorotoluene. This may 
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be due to overlapping of the .singlet—^triplct aiifl singl(^t— ►singlet systems in the 
latter ease. 

It is thus evident finom the results for the compounds mentione(l above that 
the absorption due lo si|i:let— ►triplet transition is continuous with a maximum 
in some cases and the perturbation due to heavy atoms in the neighbouring mole- 
cuh*s always shifts tlie regid^i of a})sorption towarfls longer wavelengths, 
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AMPLITUDE OF THERMAL VIBRATIONS IN 
PCL, AsCl;, AND SbCL MOLECULES 

T. A. HAHIHAKAN 
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KaKNv\TAKA KrcUOXAI. J{!NOINKRUi]jf(i CoJJ .RCK, 

SuitATiJKAL S. K. (Mykukk Statk) 

(l{pvfived AiujuHi IS, I$|i6l) 

t 

ABSTRACT. TUv. root moan Hcpiaro amplltudosi of vibration of llio bond distancos 
during tho totally syinmot-ric Htretrhing vibrations bta^n calculatod foi* tbo molocy](‘H 

P(n;|, As(M;^, SbClj at a tom])oratur(‘ of 3tK) K. Tlu^ neooHsary potontial and kinotio (miMgy 
matriooa vYor(‘ workod out using symtnolry coord inatos corresponding to th(' t\\o wpccioH 
of vibrations in (‘acb cas(‘. 


JNTKODVPTION 

Tlio (loteniiiniition of tli(‘ mean square amplitudes of thermal vibrations of 
atoms in (*rystals is of considerable importance in the X-ray crystal stnudure 
analysis (, lames, hl4<S: Lonsdale, 194H: Cribier, 1953 and (kiehran, 1954). In 
the jiartieular ease of molecular crystals Ouiekshaak (195b) and Higgs (1953, 
1955) have shown that the vibrational spetdra of the constituent moletmles and 
the normal co-ordinate analysis (;an be used to determine the contribution to the 
mean sijuare anifilitude of thermal motions of atoms from internal molecular 
vibrations. In the ease of free molecules, accurate interpi'otation of the precise 
electron diffraction data makers it necessary to take into aciumnt tin* mean square 
amplitude* of thermal vilirations of the atoms. A simple procedure foi’ calculating 
these anqilitudes has been developed by Morino el al (1953) and applied success- 
fully to the molecules C 2 i ^^4 and The present investigation follows a similar 

jirocedure to calculate the mean amplitudes for the molecules ASCI 3 and 

SbCls and the results are presented here. 


M E T H 0 D 0 y C A h C V b A T 1 0 N 

The mean scjuare amplitude of thermal vibrations in molecudes is given by 
the well known formula 


where, Qn 
% 


< Q 2 > ~ coth'. 

represents the normal coordinate, 
the frequency. 


hvu 

2kT ■ 


637 



038 


T. A. Uariharan 


T the absolute temperature, 
and k the Boltzmann constant. 

By making use oi appropriate transformation matrices we can determine the 
mean H<piarc‘ amplitudes corresponding to the internal coordinates rather than the 
normal (^oordinatt‘s. These matrices can be obtained once the proper Wilson’s 
and F matrices for the molecular vibrations are determined. A simplified 
procerline has been used by Morino ei nl (1953) and this lies in the appioximate 
expansion ol* the coth 1‘unction as 

coih X - ^ I ^ 

.r 4 


'Fhis of course involves slight error from tli<‘ actual expansion but is ap])licable 
to fre<|uencies less than 1290 cm \ 

The linal relation for the amplitudes eorrespondiiig to the internal coordinates 
R is given by 


kT(F •),, 




u-T 


d< fF ' 


F and (* correspond tt) tin* Wilson’s j>otential and kinetic energy matrices. Sym- 
metry coordinates can also })0 used with the appropriate transformation matriees. 

The im)locules AsCI.^ and Sbd^ are known to have a pyramidal .struc- 
ture and they belong to th(' point group 1’Jie vibrational s})ectra oi these 

have been obtained by several investiga,t-ors and fairly accurate assiginnent of 
the observed frecpiencies is available. A normal coordinate analysis has been 
carried out by Howard and Wilson (1934) using four force constants. 

Jn the present ease the Wilson’s F arul (r matriees are calculated using a 
valence force potential function containing all the interaction terms. These are 
given below' : 

1) PCA, 

l\)r A I type vihratioriM 

G-* 2-8»8xl()** -1.456xl(F” j F-* ; 2.67 x lO® 3-15x10-3 

2.416x1033 I i 5.384x10 ” 


I’or E type vibrations. 
I 4.01 X 1033 


1.403 Xl 0 »" 
1 . 7995 x 103 * 


F-^ 1 .83 X 10® 


■ 4.696 X 10 -® 
1 - 24 x 10 -“ 
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2) AsClj 

For A I type vibrations. 

2-14x1022 -5.145x102**; 2.30x105 2-57 v 10~^ 

1.1154^^® I 4.32vlO*^i 

For E type vibrations. 

6r'-» 2.682x10“ 5.729x10“ F-^ 1.82x106 - 1.021x10-^ . 

1.1669 V 10®® ( 8-511 \ 10*2 

3) Sh(\ '] 

For A I tyiH? vibrations. 

I 2.0209 X 10252 3.302 x 102« | F--^ . 2.07 - 10'* 1 .949 x 10 ® 

! 8.34x10*’ ' i 3.2 v{0 " ' 

t* 

hor E type vibrations. ^ 

G-^ 2.2773 x 1022 2.961 > 102® , 1.59^105 3.48/10-'* 

' S.444v|037i 7.947 ^10*2 1 

Syirimetry coordinates were used to <lerive the above inatric^es. Making 
use of proper transformation matrices the root mean square amplitudes of the 
bond distances during the totally symmetriii stret(;hing vibrations at a tempera- 
ture of 300'‘K were obtained and the values are given in tlu‘ following Table toge- 
ther with the interatoinie distances. 


Molecule 

Rond <iistance 

Root mean scpiari 


in A units 

ainplitiidi' 
jn A units 

PCI, 

2 

0.075 

AsClg 

2. 16 

(K07IS 

SbClg 

2.325 

tK0709 


It has to be mentioned that tlie values of the root mean scpiare amplitudes ob- 
tained here may depemi on the actual potential energy function used apart from 
the slight error introduced becau.se of the appriDximate expansion of the (Miih 
function. In order to avoid large discrepancies, a potential energy fumdion 
containing all interaction terms is use<l in the calcu1atif>ns. 
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REFINED MOLECULAR STRUCTURE OF NAPHTHAZARIN 

P. SRIVASTAVA 

Indian Aft.scx iATtoN ttdh tke (Uiltivatton of Scien<’e, (^\LruTTA-:i2. 
i Received Jnlg 27, IDGI) 

Appr()xim<ato structure of naphthazariii C|oH.,Oo(OH) 2 , form II, (Borgen, 
1950), belonging to the space group, P2i/. , has already been determined at room 
temperature by Srivastava (1958, 1969) and by Billy (1958). The present communi- 
cation deals with the refinement of its molemilar structure by cmj)l()yirig the knv 
tempcraturi* Weissenberg techniciue and difference synthesis arid least s(piar(‘ 
method. 

A single crystal of naphthazarin was subjected to a low temperature of -140*C 
and the Weissenberg photographs along u- and &-axis m ere taken in a semieylin- 
(Irical camera of diameter 5.75 cm. The unit cell parameters at — 14(PP and 
4-3frc (room temperatui’e) are given below 


at --140"0 


at+30"C 


ft 7.70±(U)1 A 

h 7.27±0.0I A 

c 16.52±0.02 A 

// 12:r3()'i5' 


7.90±().0] A 
7,27 £0.01 A 
16.91 ±0.02 A 
I24"38'±5' 


The ft-axis lias been found to remain unchanged in this temperature range. 

The final atomic co-ordinates of the asymmetri(^ unit are given in Table I. 
The electron-density projection on the plane (010) has been shown in Fig. 1. The 
difference map clearly indicates the position of hydrogen atoms in the molecule. 
Isotropic form of temperature parameter was used for individual atoms and the 
discrepan(‘y factor R was found to be O.ll (without including the hydrogen atoms). 
In case of the unobserved planes, half the minimum observed value of the struc- 
ture factor was taken in the calculation of R, 



Molefiulo at 0,0,0 


Molnou](< at a/2,0,0 



X 

Y 

Z 


X 

Y 

Z 


A 

A 

A 


A 

A 

A 

V, 

1 . 8250 

0.9000 

1 . 6250 

O', 

5.. 3875 

—0.5000 

2.1500 

(k 

2.4250 

— 0.0250 

2. 8875 

cr:; 

6.3750 

0.6500 

2.6500 


1 . 6750 

— 1 . 2625 

2.7250 

O'.-* 

6.0750 

1.7375 

1 .6375 

(% 

0.2250 

—1.5375 

1 . 1 750 

C'4 

4.6875 

1.6875 

0.0000 

Go 

0.3750 

0.6250 

0.0875 

C'j, 

4.0125 

—0.5375 

0.5250 

Oi 

2.5750 

2.0250 

1.9000 

O'l 

5.7250 

—1 .4625 

3.1250 

0, 

—0.4250 

—2.6875 

1 . 0750 

0'4 

4 . 4500 

2.7000 

—0.87.50 


The refined structure of naphthazarin is being published in detail elsewhere, 
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ON THE OPTICAL ABSORPTION SPECTRA OF Ni*+.6HjO 
COMPLEX IN CRYSTALS 

A. S. OHAKRAVARTY and R. OHATTERJEE 

Department ok Maonktism^ 

Indian Assoiuation for thp: ( Jitltivation pF Scienc e, 

Jadavpitr, Calctttta SS. j 
{Received Augyst 7. UIOI).* 

In crystalline elefit^i(^ field of symmetry tli4 gronndstate of the Ni*' 
ion is split into three components j^ith Successively increasing 

energy. In considering the absorption spectra, thd transitions to the upper 
level as also the forbidden transition to the singlets and bSf with low transi- 

tion probabilities should b(‘ taken into account; All these transitions have 
energies of the order of 10^ enr^ and since they take place only in combination 
with suitable vibrational transitions, the intensities of the light absorptions must 
be lower than if they had been due to pure electronic transitions. The three 
main transitions and (*P) give rise tob road bands 

called hereafter T, IT and III over which the other weaker lines are superim- 
posed. 

For the aijueous solutions of several hydrated salts of Ni^^^ Dreisch et al. 
(1937, 1939) found that the peak of band f lies at 8300 enr h peak of iiand II at 
14100 cm“^ and peak of baud ITT at 25000 cm K This has been confirmed by 
Hartmann and Muller’s (1958) observation of the absorption spectra of NiS 04 , 
fiH20 and NiSO^, Tflj^O crystals. Hartmann and MuIUm* (1958; cf. Mookherjee 
et til. 1960) have been able to resolve the bands 11 and III into several peaks, e.g,, 
band II into three peaks C, D, E of more or less the same intensity and a of much 
smaller intensity; band III into two peaks F, G of nearly the same intensity as the 
peaks of II, and three other 5, c and d of much smaller intensity. They obtained 
further two more very weak peaks ej near 39000 cm ^ They could a'p'parenily 
explain all these peaks e.xceyt E, on the basis of the splitting of the different 
states of the Ni''^^ ion caused by a small tetragonal field superimposed upon 
cubic field (Fig. Lb 

Since the intensity of this band E is almost equal to the transitions from other 
Stark levels, it cannot be duo to any intercombination between terms of different 
multiplicity (Orgel 1965). Contention of Ballhausen (1955) and Hartmann and 
Muller (1958) that the occurrence of this band is due to (L.S.) coupling effect has 
been also contradicted by Jorgensen (1968). On the other hand. Mookherjee 
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<‘t at (I96(») }iav<‘ shown tliat the observed anisotropy of ion : Ki. — K-^ — 354 
X IO-“, assuming a tetragonal field, does not agree Mdth the splitting C-*D ss 300 



Enorpj^ Jtn’ol diagram of Ni(H2<))«j-‘ ion under fnbn* 
and orthorhombic fit^ld, 

(Not drawn to scale) 

l)ut with the splitting 1300 cm h Tti that case the peak 1) 

remains unexplained. Paramagnetic resonance studies of several salts of 
by Griffiths and Owen (1952) show that the electric held in all these salts has 
really an orthorhombic symmetry, We have therefore assumed an orthorhombic 
field in all these salts and been able to prove that all the three peaks (\ D and E 
are really due to transitions from ground 3-4 g level to the three components of the 
level split up by the orthorhombic field. 

We have neglected the effect of the spin-orbit interaction, which being a 
second order effect, is not so important in the case of optical absorption of Ni*+, 
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6 H 2 O complex and the inclusion of this in the Hamiltonian would unnecessarily 
complicate the present calculations, meant to explain the existing experimental 
fa(?ts, as far as they go. 

Following the method of Van Vle<?k (1932), and Sehlapp and Penney (1932), 
Tanabe and Sugano (1954), Pryce and Runciman (1958) and taking into consi- 
deration all the energy states as already mentioned, w# have calculated the energy 
levels of (IHgO with the following cubic and orljjiorhoinbic field parameters 

(Table 1 ). and compared them with the experimental values obtained by the 
atoiementioned authors. All things considerefl the pi is much better than that 
obtained by Hartmann and Muller. Authors have $1 ho worked out a complete 
theory of the susceptibility of NP' ion in an orthorhombic field wdiich will be 
discussed in a future communication. f 

The authors arc* grateful to Prof. A Bose, D.So., F.N.I., for suggesting the 
problem and helpful criticism of the work. 

TABLF 1 

(hibic field parameter I>,j - 810 cm ^ 

Orthorhombic field ])arameters rr - —70 em b -- 20 cm~* 

Kacah parameters B 1030cm ^ f'- 4850em~^ 


iijgH 

( 'nleulatofl values 

Expc'nruontal 


X lO-**! om“l . 

values 

X *. 

•‘Aj 

7.957 (A) 

S.OlO (O') 1 
8.097 (li) 

8.300 

->»F,„(3F) 

14. 130 (C) 

13.900 


14.405 (V) II 

1 4 . 200 


15.423 (E) 

1 5 . 200 


17.230 (a) 

1 7 . 500 


24.81 J (b) 

23 . 900 

(«P) 

25.030 (F) 
25.080 (G') HI 
25. 120 ((5) 

25.400 

— >lAi</ (»1)*U) 

20.941 (c) 

20.90<^ 

(iDKI) 

30.100 (cl) 

30.()50 

(iDKI) 

35.879 fo) 


(iDiO) 

30.399 (f) 

39.000 

(18) 

07.929 (g) 
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